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ONOFLO SYSTEM GIVES EACH FAMILY | 
ITS CHOICE OF ROOM TEMPERATURE 


yer ty * 
a} HF) a 
[: ia< i 


YEAR ’ROUND 
HOT WATER 
—ALL FOR $139 ANNUALLY 


This Monoflo (single main) forced hot water 
system is a complete cure for the headaches of 
apartment house heating. For example, here 
are six families under one roof—completely 
comfortable because completely independent 
of each other’s temperature whims. 

In this building, temperatures desired by 
tenants cover a wide range. Yet—the owner 
happily reports—there has never been a com- 
plaint over too much or too little heat. 

The owner has double reason to be enthusi- 
astic over Monoflo Heating. Not only are his 
tenants comfortable, but he keeps them so on 
an amazingly small amount of fuel. 

For apartment houses; residences, factories 
and institutions, the B & G Monoflo System 


B&G INDIRECT HEATER 


In this installation, as in thousands 
of others, the B&G Monoflo Systen 





B&G BOOSTER 





provides adequate, controllable heating, p/us is proving its better heating qualities 
a plentiful supply of year ’round hot water. Re- wise tt ae C5 Cinesnee hee adunatenes 
sults achieved are all the more remarkable found in no other pump . . . the 





when the simplicity of equipment is considered. B& G Monoflo Fitting hasa measured 


For installation and design data, write to 


BELL & GOSSETT CO. 


3000 WALLACE ST., CHICAGO 


Canadian Licensee: S. A. Armstrong Ltd. 
720 Bathurst St., Toronto 


SIMPLEX RELIEF VALVE diversion capacity, which means that 
it can be used in installations of a) 


size... and there is a wide choice of 
Water Heaters from numerous B & ‘ 


designs. 


ASK YOUR WHOLESALER 





B&G MONOFLO 
FITTING 











OF WATER HEATERS 
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La Because of the mnportance of pro 
er fans in the field cf ventilation, 


National Association of Fan Manu 
turers has sponsored the formation 
the Propeller Fan Manufacturers 
\ preliminary meeting 


Pittsburgh, 


sociation 
s held at 


a formal organization meeting in 


January 24, 


troit on February 28 At Detroit 
association was launched with 20 
ter members, a permanent chair 
mn and secretary were elected, and a 
mittee appointed to draw up by 
vs and rules. At that time the next 
eting was set for Detroit on April 4 
VY. C. Shetler is secretary of the 
ciation and the headquarters office 
1t 2-255 General Motors Bldg., De 
it, Mich 


®@ Temperature and Its Measurement 

\ symposium on temperature and its 
easurement in science and industry is 

to be held under the auspices of the 

American Institute of Physics probably 


} 


ext fall, although the exact dates ars 


to be announced later 


Primary pur 
poses, according to present plans, are 
to co-ordinate a treatment of the sub 
ect in the sciences and in engineering 
review principles, accumulate contribu 
tions for a comprehensive text, reveal 
the subject as an important branch ot 
physics, and supply schools with in 
formation required for the improve 
ment of curricula ( QO. Fair 


child, director « 


f research of C. J Tag- 
liabue Mfe. Co., is chairman of the 
steering committee which is interested 
in hearing from those who want to 
take part in the symposium Ad 
dress of the institute 1s 175 Fifth Ave 


New York, N. Y 


@ An interesting and worthwhile pro 
ject has been initiated in a number of 
ities—the Men Over Forty Club It 


S$ a co-operative undertaking of met 


} 
‘ 


o have earned $4,000 or more a year, 


each without a present business connec 
tion and each over 40 vears of age, who 
ave pooled their labors, experience 
and intelligenc e in a_ self-organized 
self-sponsored, self-managed and self 
sustaining organization, the prime put 
pose of which is to obtain connections 
lor its members. . . The Chicago 
group is limited to 50 members. When 
ictive members secure positions, they 
become alumni and their places on the 


Mls are filled with new members 


§ Air Conditioning Symposium — The 
papers presented at the air conditioning 

posium held in Chicago November 
-2 are published in the February, 1939, 
‘ournal of the Western Society of Engi 
eers, 205 W. Wacker Dr., Chicago, 
ll, which has just been issued. Price 
Journal is 75c a copy. It includes 
Development of Air Conditioning, 











Aspe t ot Air Conditio1 
Charles S Leopold; What Air ( 
ditioning Means to the Architect 
Albert Buenger; Refrigeration a \ 
plied to Air Conditioning, by Jol hk 


Hertzler; and Available Air Condit | 
neg | quipment by Wilhan 


sol The symposiut was re o 
’ 
1 | +} D } ( H . J 
ported in the ecember, 1938, EATIN 
PipING AND Arr CONDITIONING, where the 


papers were summar! ed but { 

1 complete detatl 

@ The American Society for Testing 
Materials, 260 S. Broad St., Philadel 
phia, Pa.. has issued an index to its 870 


standards and tentative standards as ot 








January 1. The index is of service t - 
any one wishing to ascertain whether 
the ASTM has issued standard specit air distribut t 
cations, test methods or definitions ait 4 ; 
covering a particular engineering mate ing apparatus; t vari 
riat ind in locating the standards and boot! and 1! t r ¢ 
the yvolu es where they appeal str r < t 
{ opies of the { iv be ad t tet t t t 
aif ‘ if? irs \S TM ‘ cle rter Ha ‘ eate . ‘ ‘ ré 
‘ir distribut ‘ 
B Practically the entire staff of the dé 
‘ ; ait ‘ 1 
partment of mechanica engineering : 
: aners a ‘4 
many ot the research men, and some ot , 
the representatives of the building de 
‘ | 
partment, were on the job to put ov: ' 
the air conditioning conference at tl 
= ‘ } 
University of Illinois last month, wl 
; ‘ I { t ot 
was attended b 277 people trom eleve 
' , ois, Url I 
states and the District of ¢ umbia and ; 
devoted to the fascinating and elus ve 
subject of ai onditionu t use the 
words of Dr. A. C. Willard. president fue Front Cover 
ot the universit The sessions er 
well attended and the discussions live ' cid 
At the nformal dinner meetit 1) / 
Charles Sheard of the Mayo Chi varm au ; rey 
ind the Mavo Foundation pave in ad . . 
if a) 
dress on the phvsiologi il re sponses . 
the body to its environment. Dr. W 
lard presided at the dinner meeting and 5 used 
: , , : wes of 
amone those it the speakers tabi 
| 1 Ss ducts id ” suri f 
introduced were Dr. and Mrs. Sheard peratures human subject 
Dean M. L. Enger of the college of 
engineering, Prof. O. A. Leutwilet 


engineering, Mrs 


Keeton, of the college of medicine, 
Samuel R. Lewis, and | B. Lange 
be rg \ telegr il ot congratulations 


from J. F. McIntire, president of the 
ASH\ KE anda graduate of the | of | 
college of engineering, was read 

In addition to the daily sessions and 
the dinner meeting, conference attend 
ers were given the opportunity to se 
the mechanical engineering laboratory 
with its many research and instructios 
set-ups Among the exhibits that at- 
tracted attention were the new roor 
heating test plant for studying stear 


electric and hot water heating units 





under actual service conditions, and 
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Designed by the Bridge and 
Building Section of the Board of 
Public Service of the City of St. 
Louis. William C. E. Becker, Divi- 
sion Engineer, Albert Osburg, 
Chief Architect, John C. Ross, 
Mechanical Engineer. 


BYERS WROUGHT IRON 

















The engineering approach to piping selection 
is well illustrated in the case of the Malcolm 
A. Bliss Psychopathic Institute, City Hospital 
Group, City of St. Louis. Study revealed 
corrosion as a definite threat in a number of 
lines where any failure would involve serious 
consequences and considerable replacement 
difficulties. These were medium and low 
pressure steam and steam return risers be- 
tween the attic floor and basement ceiling; 
compressed air piping throughout; brine flow 
and brine return piping throughout; waste, 
soil, and vent lines above basement ceiling; 
cold water lines; ice water lines; and hot 
water trunk lines in attic and basement. 
Service records showed wrought iron to be 
the material with greatest life expectancy 
under these conditions. Byers Wrought Iron 
was used. 

Architects and engineers in ever increasing 
numbers, are recognizing piping selection as 
a definite engineering problem .. . and are 


using our service in solving it. If you will 
write, outlining your particular problem of 
piping selection, our Engineering Service 
Department will (1) Determine the probable 
corrosive conditions; (2) Relate these to similar 
conditions encountered elsewhere; (3) In- 
terpret the results in the light of experience 
gained in 75 years’ contact with corrosion 
problems; and (4) Make recommendations .. . 
supported by service records. There is no cost 
or obligation. 

A new Byers General Catalog has recently 
been completed. Ask fora complimentary copy. 

A. M. Byers Company, Pittsburgh, Pa. 
Established 1864. Boston, New York, Phila- 
delphia, Washington, Chicago, St. Louis, 
Houston, Seattle, San Francisco. 


BYERS 


GENUINE 
WROUGHT IRON 




















Specify Byers Genuine Wrought Iron 
ipe for corrosive services and Byers 
Steel Pipe for your other requirements. 






Tubular and Flat Rolled Products 
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MAXIMUM EFFICIENCY FOR STEAM HEATING SYSTEMS 





ON HEATING, DRYING AND PROCESS WORK 





JENNINGS CONDENSATION PUMPS 


Designed for steam systems on heating, 
drying, or process work, these pumps offer 
the most reliable and efficient means of 
returning hot condensate to boiler or hot 
well. In many cases these pumps will save 
costly installation of boilers in a pit to pro- 
vide gravity flow of returns from basement 
radiators and heating devices. 


The Jennings Condensation Pumps are 
sturdy and compact in construction, and 
combine receiving tank, pump and driving 
motor in a single assembly. Pumps are 
bronze fitted throughout, with tobin bronze 


shaft. The pumping impeller is of special 
design, made possible by our wide experi- 
ence with return line heating pumps, and is 
especially adapted for handling hot water 
with the greatest possible efficiency. 


Full automatic control is furnished by 
means of a ball float and float switch mech- 
anism mounted on the receiving tank. All 
wiring is made up at the factory, and it is 
necessary only to connect the pump to the 
system and hook up the leads. Complete 
information regarding these economical 
pumps sent promptly on request. 


THE NASH ENGINEERING COMPANY 


SOUTH NORWALK, CONNECTICUT, U. S.A. 
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Heating the 
World’s Largest Apartment Project 


By Henry G. Schaefer* 


HE Metropolitan Life Insurance Co. has acquired equally between three and four room suit ~ 
the site of the New York Catholic Protectory, em approximately 40,000 persons in 171 dwelling u a\ 
bracing some 129 acres in the heart of Bronx eraging eight stories in height, and grouped in 51 entirel 
County in New York City, and is proceeding with the separate structures Two theaters will provide entet 
construction of a development that will ultimately house tainment, and outdoor recreational facilities are incorpo 
more than 12,000 families, and will provide commercial rated in the landscaping program, itself an aesthetic ex 
centers catering to their wants, as well as recreational ploitation of the topographical features of the sit More 
and amusement facilities. Believed to be the “world’s than 9000 lineal feet of shop street-frontage will be avai 
largest” planned apartment community initiated and fin able for commercial space for the convenience 
anced by private capital the first section is scheduled for community. This space will be divided between thx 
occupancy this fall. major shopping center, situated in the southeastert 
The apartments (the bulk of which will be divided tion of the development, and three regional centers whic! 
"ich Supervisor, Baker, Smith & Co., In are designed to provide “corner grocery convenience 


Sketch of some of the buildings of the project 
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Insulated Walls for Economy and Comfort 


The question of heating this mammoth project was 
given particular attention. The item of fuel cost is the 
largest single item in the maintenance cost of New York 
dwellings ; hence, both initial investment in heating equip- 
ment and operating cost were carefully considered. The 
initial attack on the problem was directed against the 
major factors in heat loss, and the heat transmitting 
characteristics of the structure were studied. As a result, 
the conventional wall of plaster on waterproofed brick 
was revised to include an inch of insulation, with a vapor 
stop, between brick and plaster. Glass wool was selected 
as the insulator. 

Probably the most important effect of the insulation 
of the structural walls will be the comfort provided. 
During the heating season, the discomfort that goes with 
low interior wall surface temperatures will be eliminated 
in that the differential in temperature between the ex- 
terior and interior surfaces of the outer walls will, of 
course, be much greater than in the case of uninsulated 
wall construction. Hence, due to the higher temperatures 
of the plaster, the absorption of the radiant body heat 
will be reduced, and with it the necessity of carrying 
higher air temperatures to offset this source of discom- 
fort—a phenomenon capitalized in “radiant heating.” 
This aspect of the installation promises even further fuel 
savings than those considered in the purely mathematical 
analysis of the matter. A further effect will be the pro- 
tection of the apartments and their occupants from the 
direct summer sun heat. This advantage is an uncap- 
italized byproduct of the heating economies. 

Having thus brought the heating load down to the 
practical minimum, the heating medium and the type 
of apparatus to dispense the heat came in for consid- 
Furthér economies were sought, both in invest- 
Space re- 


eration. 
ment cost and in operation and maintenance. 
quirements, appearance, and life of the equipment were 
among the factors involved. 


Sub-Atmospheric Steam for Heating 


It was decided to use steam as the heating medium, 
under sub-atmospheric pressures during the bulk of the 
heating season and at atmospheric or slightly positive 
pressures during periods when extreme outside tempera- 
tures prevail. Group thermostatic control is to be used. 
\s a permanently tight system is necessary to permit 
operation at the higher vacuums, this was made a funda- 





The Metropolitan Life Insurance Co. is building in 
New York what is believed to be the “world’s largest” 
planned apartment community initiated and financed 
by private capital. It will provide accommodations for 
over 12,000 families and is to include a major shop- 
ping center, local shopping centers, theaters, and com- 
plete reereational and amusement facilities . . . . 
The buildings, which average eight stories in height. 
will be heated by sub-atmospheric steam supplied from 
a central boiler plant. Building insulation will pro- 
mote heating economy and comfort. The arrangement 
of the steam piping and the method of installing the 
convectors, described here, are of particular interest 
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mental 
operating range is to be Cc 
from a vacuum of 25 in. of 


requirement. The y 

















mercury (133 F 


\ tempera- 
ture) to 2 lb gage pressure 

















218 F). 
The next step was selec- 
tion of the type of radiator f ; 





and piping installation, 
giving consideration to the 
tightness of the system, 
concealment of the radia- 
tion, and so forth. The 
solution decided upon. was 
the use of a newly devel- 
pipe, looped, 
valveless, enclosed convec- 
tor heating system which 
puts the kitchen and bath- 
room heat risers to work 
The diagram 





























oped one 




















as conduits. 














illustrates the installation. } — 
The heat riser referred to 

is carried to the top floor —— 
ceiling, where it transfers | | 

to the adjacent radiator | ne 





location (or to two, in the 
case of four and five room | 























suites), thence descending : 
through a series of convec- mi 
tors. Each cast iron con- | 7 
vector constitutes an oftset 
in the riser which alter- — 
; : : o* “ti | | 
nates in its position trom 

. . i | = 
one side of the window to 
the other on successive ‘ J = 
floors, until it reaches the & 
basement, where it is 

ee 

trapped into the return | | 
main. The dog leg offset 
provides a cushion for tak- 














ing up expansion strains, 
the radiator and 
weight being supported by 
a bracket integral with the 








piping 

















enclosure at the outlet end, r, T 
- . : —— Oe 
thus di st rib ut ing the ina) apa 
weight of the installation Thermostatic 
77 ao 


floor by floor. 

The convector enclosure 
is 4 in. wide, and the unit 
extends just far enough 
beyond the line of the win- 
house the entering and leaving rise: 
installation is thus had, with a singk 
radiators. Th 





Loop method of piping 


dow jamb to 
A “one pipe” 
straight pipe connection 
specially designed radiator is tapped for a top inlet an 
a bottom outlet, eliminating elbows and elbow frictio1 
The piping system is the subject of a pending patent 
application. 

Dampers fitted into the convector enclosures to regu 
late or to stop the air flow give the room occupants con 
trol of the heat output within the maximum limit im 
posed by the ‘control system, which latter provides th 


between 
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. ‘governor’ that prevents overheating—that arch thiet 
4 f fuel and comfort. Basement utility spaces are to be 


eated by the simple means of omitting covering from 
ufficient main and branch surface to provide the neces 
pipe 


liminating radiators at the same time 


ary heat emission, thus saving covering and 


Boiler Plant Designed for High Pressure 


Once the foregoing fundamentals of the heating equip 
nent had been determined, the matter of steam genera 
This also involved the considera 
\gain, the 


tion was considered 


tion of the electric current requirements 


insulation of the structures had a startling effect In 
ormal local apartment work, the ratio of heat to hot 
ater load is approximately 120 to 42 sq ft EDR. D 

sign and insulation contributed to reduce this ratio in 
he case of this development to 66 to 42 sq ft EDR. An 


extensive economic analysis of the situation directed the 


f a central high pressure boiler plant, built 
pressure so that it 
this should 


or necessary, but arranged for initial service for heating 


installation 


for 500 Ib operating may be used 


for current generation if become desirable 


mly at 100 Ib pressure 





Resistance of Materials 

to Vapor Transmission 

oe 
Agriculture Forest 

torv, Madison, Wis.. 


in his paper on condensation problems in modern build 


engineer, a Department ol 


Products 


leesdale, senior 


Service, Forest Labora 


presented the accompanying table 
ings presented at the University of Illinois air condition 
ing conference last month 


Comparative Resistance of Various Materials to Vapor 


Transmission Loss in Gratns Ps 
Ma ERIA ~¢ I Pr Hr 
Foil surfaced reflective insulation (double faced) 0.061 0.093 
Roll roofing—smooth surface 
10 to 65 Ib per roll 108 sq tt 009% 0.12 


Asphalt impregnated and surface coated sheatl 


ing paper glossy surfaced 


50 Ib 500 sq ft roll 0.153 0.552 
55 Ib 500 sq ft roll 0.123 1.480 
Duplex or laminated papers 30-30-30 0.990 1.850 
Duplex or laminated papers 30-60-30 0.370 0.617 
Duplex papers reinforced 0.493 1.450 
Duplex paper coated with metal oxides 0.370 0.930 
Insulation backup paper, treated 0.617 2.462 
Gypsum lath with aluminum foil backing 0.061 0.277 
Plaster—Wood lath 7.90 
Plaster—Three coats lead and oil 650 2.770 
Plaster—Three coats flat wall paint 1.080 
Plaster—Two coats aluminum paint 0.831 
Plaster—Fiberboard or gypsum lath 14.20 1.80 
Slaters felt TOO 18.50 
Plywood—'4 in. Douglas fir, soy bean glue plain 3.080 +.620 
[wo coats asphalt paint 0.308 
lwo coats aluminum paint 0.930 
in. 5 ply Douglas fir 1.920 LOTS 
in. 3 ply Douglas fir, art. resin glue 080 1620 
in. 5 ply Douglas fir, art. resin glue 1.975 2.420 
nsulating lath and sheathing—board type 18.50 24.65 
nsulating sheathing, surface coated—3/16 com 
pressed fiber board O40 
in. insulating cork blocks 1.440 
in. and 1 in. blanket insulation between 
oated papers : , 1.80 Hit 
in. mineral wood—unprotected 20.950 
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venerators, ear DD LAI LAR ( 
of steam, with overload capacit 5,000 
Lhe plant is be Ing built tor Bunker ‘ 
arranged tor the provision of bunkerage, pulv ng al 
combustion of coal A ofa % 
carry the products of « bus 
no local contamination of the 
furbine driven torced and n 
hoilerfeed pumps will contribute to thi K 
omy of the plant. The steam w 
pressure to reducing \ lve stations, Ca Cl 
mately 450 apartments. Successive stag ( 
duecti 1 will prepare the . ( ( 
cele s he Lit ‘ ( 
eating syste s, all und { 
he ste nm distributi oy syst r 
welded steel pipe with st - ee! | ‘ 
qT) 1! . ( Cs \ ‘ 
requ oles 
und tor inspec 1 é é ( 
b ile pla I i { 
- iM tunnel SVS 
Tests were made to determin ( 
resistance of various papers and wall matet 
luildinge construction Samples were seale 
pans containing watet and exposed Ie 
at 80 F and 30 per cent relative humidity ar veighe 
regularly for 90 days or more e valu tain 
te the ite « loss became ¢ t ere 
| i basis of grains « noisture | 1x ‘ 
Sis oniva partial list of ( ile ( 
the present time, and as the tes ( 
by subject to change as requit ] ( 
Many of tl materials e bee 
exposure mditions in laboratory test us panne 





When a country club recently installed a lounge in its basement 


it was desired to conceal as much as possible the radiators and 
The trick was accomplished 


piping which were on the ceiling. 
illusion of solidity 


by installing a lattice ceiling to create an 


—— 


a 
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City Water Assists Cooling Tower 
When Wet Bulb Temperature is High 


By John Howatt* 


N the spring of 1936 a 100 ton steam jet refrigera- 
tion unit was installed in a large office building 
for providing chilled water for air conditioning 
the space occupied by two of the tenants. As the 
building generates electric power for its own use and 
for other buildings in the block, and the exhaust steam 
is used for heating in winter, the steam jet refrigeration 
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On days of high wet bulb temperatures, cooler city water 
assists the cooling tower in furnishing water of the 
proper low temperature to the refrigeration condenser 


equipment was designed to operate on the available 4 
lb pressure steam and thus utilize exhaust steam in 
the summertime as well as in the heating season. 

The building power plant has both non-condensing 
reciprocating engine and steam turbine driven electric 
generators, and there was an existing cooling tower for 
cooling the condensing water for the turbine. When 
the steam jet refrigeration installation for air condition- 
ing was designed it was contemplated that during hot 
summer weather power would be generated with the 
non-condensing engines only, as it was recognized the 
cooling tower would not have enough capacity to fur- 
nish condensing water for both the electric generating 
and the air conditioning requirements in hot weather. 

During the first season’s experience with the air con- 
ditioning system, difficulty was encountered in getting 
condensing water from the cooling tower at a tempera- 
ture low enough for the steam jet refrigeration unit. 
Part of the trouble was due to the fact that to keep 
down the cost of generating electricity, the turbine 
driven generator was operated even on hot days at the 
same time the air conditioning equipment was in use, 
thus overloading the tower. An investigation showed 
also that effectiveness of the cooling tower was im- 
paired because of insufficient air motion through it, 
lack of water spray plates over part of the top, some of 


*Chief Engineer, Chicago Roard of Education Member of Board of 


Consulting and Contributing Editors. 
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the spray plates were missing, and a large steam ex 
haust head was situated adjacent to one of the tow 
fan intakes. It was recommended that the practice 

operating the turbine driven 
weather when air conditioning was needed be stopp 
and that the capacity of the cooling tower be increas 
by increasing the size of the fan units and replacir 


generator in Seve 


the missing spray plates and splash discs. 

There was still another difficulty—that of high out 
side wet bulb temperatures. The cooling tower wa 
designed on the basis of a maximum wet bulb of 7: 
deg, and in the particular locality the wet bulb ten 
perature exceeds this value on an average of 10 to 
days a year. It was to be expected, then, that even wit! 
cooling tower of proper capacity carrying only the 
conditioning load, some discomfort would be experienc: 


) 


by the occupants of the conditioned spaces on days whe: 
the outdoor wet bulb temperature was higher than th 
75 deg for which the cooling tower was designed. 

The accompanying sketch shows how this difficulty 
was economically solved by assisting the cooling tower 
on hot days, cooler city water is added to lower the 
temperature of the condensing water to the refrigerating 
machine. A 3 in. city water line was extended to a 100) 
gal open tank, the water level being governed by a bal! 
cock. The suction of a 200 gpm pump is connected 
this tank, and this new pump discharges into the suctio: 
of the existing circulating pump so that the colder cit) 
water is mixed with the warmer water from the coolin; 
tower before it goes through the condenser on the 
conditioning refrigeration machine. The overflow go 
over the roof to the downspouts. This supplemental cit) 
water is used only on the relatively few days of hig! 
outdoor wet bulb temperature. 

The attention of the operating staff was also draw: 
to the necessity of thoroughly cleaning out the condense: 
every winter, and inspecting all spray nozzles so that 
the equipment is in proper condition to function effe: 
tively each spring. 

The writer served in an advisory capacity in conn 


tion with these changes. 





Heat Barriers Classified 


In his discussion of types and applications of buildir 
insulation at the University of Illinois air conditioning 
conference last month, S. Konzo, special research as 
sistant professor of mechanical engineering at the Uni 
versity, classified arbitrarily heat barriers according t 
the following scale: Types of wall construction whic! 
have a U value (Btu per hr per sq ft per deg of ten 
perature difference) of 0.10 or under were classified 
as excellent; those with a value between 0.10 and 0.2( 
as good ; those from 0.20 to 0.30 as fair: and those wit! 
a U value of over 0.30 as poor. 
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“abrication Details for High Pressure 
and ‘l'emperature Piping at Delray 


By Arthur McCutchan* 


TTACHMENT of bypass and drip connections, 

design of thermocouple wells for high tempera- 

4 ture service, improved types of backing rings, 

standardization of welding bevels, and the appearance of 

ished welds were discussed last month. In this second 

article, the reasons are given for changing the method 

beveling welded branch connections to permit the 

se of backing rings, and the re-design of the ring type 

nforcement to give greater support at the sides of 
welded branch connections is described. 


Reduced Outlet Welded Branch Connections 


The type of reduced outlet welded branch connection 
shown in Fig. 1 was used with the first 75,000 kw unit 
f the Delray extension. This type was not wholly satis 

ictory in that an excessive amount of cutting and bevel 
ing was required on both parts in fitting them together, 
which made the operation difficult to control by tem 
plates. Furthermore, on trial it was found impracticabk 
to trim off the dotted portion (see Fig. 1) of the branch 
which extended within the header, since doing so pro 
duced a feather edge against which it was difficult to 
start the weld. Hence with this type it was found ex- 
pedient to leave the branch projecting inside the header 
as shown despite the disturbance to flow conditions. In 
common with all welded pipe joints not using a backing 


D The Detroit Ed n C 


Fig. 1—Method of beveling reduced size welded branch con- 
’ nections—header only beveled 
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ring, the completeness of penetration to the inside of thi 
pipe wall was a matter of conjecture 

In order to simplify preparation of the joint and at 
litior 


the same time provide more satisfactory conditions 


welding, the type of reduced outlet welded branch con 


nection shown in Fig. 2 was developed. In this design 
a backing ring with spacing pins has been applied he 
type of beveling for welded branch connections popu 


larized by F. C. Fantz.2. The resulting design possesses 
obvious advantages from the standpoint of simplicity in 
cutting and fitting the mating parts, plus the advantage 


of using a backing ring with spacing pins which facili 


tates penetrating to the bottom of the groove, thus assur 


ing that the designed weld cross-section will be secured 
at all points around the intersection 

The sketches of Fig 3 show the shape of backing ri ’ 
necessary to fit the contour of the intersection of a re 


duced size branch and header 


Full Size Welded Branch Connection 


’ ; 


In investigating stress conditions in a fu 
branch connection,” high stresses were found to exist o1 
the outer surface at the flat portion on the sides of the 


manifold In the vicinity 


the crotci! nig tresses 


were deduced analytically as existing in the inner sur 


face, but were not determined ¢ xperimet tally he 1 
type reinforcement shown in Fig. 4 was found to ade 
quately reinforce the crotch but did not prevent dist 


; 


tion under pressure at the sides of the mal 


extent desired Although the pressure at which failure 


occurred was approximately the same as would be ¢ 
pected to burst a straight length of pipe, the location of 
the failure, just below the reinforcing ring, was not as 
“Design and Fabrication of High Pressure. High 1 ' e W 
Piping.”” bw F. ¢ Fantz, abstracted in Hera l \ ( 
wInG. Mav. 1988. pr 9.339 
*‘Investigatior f Stress Conditions ir ] Size W R 
nection,” by F. L. Everett and Arthur McCutchan. ASM] 
FSP 60-12, July, 1938, pp. 399-410, and discussion 1 
167-176 





Carbon-molybdenum steel is being used for the 865 
lb, 910 F steam piping in the extension of Detroit 
Edison’s Delray Station, and in the January and Feb- 
ruary issues of Heatinc, Piping and Atk CONDITION- 
ING, Sabin Crocker reported on experience in weld- 
ing this piping material. . . . Last month, Arthur 
McCutchan discussed fabrication details adopted for 
this piping, covering attachment of bypass and drip 
connections, thermocouple wells for high temperature 
service, backing rings, welding bevels, and appearance 
of finished welds. He concludes this series this month 
with his discussion of the re-design of the ring type 
reinforcement and the method of beveling welded 


branch connections to permit contoured backing rings 


215 











Fig. 2—Reduced outlet welded branch connec- 
tion with backing ring 


reassuring as if failure had occurred in the straight pipe 
entirely outside of the region affected by making the 
branch connection. 

(On completion of the tests, the welded branch connec 
tion was carefully explored by thoroughly sectioning the 
weld and conditions were studied throughout. It was 
apparent, as may be noted from Fig. 5, that full pene 
tration was not obtained at some points, principally be 
cause of lack of proper spacing of the parts to afford 
sufficient room at the root of the weld. Additional sec 
tions cut from the sides of this manifold were shown in 
the February, 1939, Heatinec, Prpinc anp Arr CONDI- 
riONING, p. 92. No failures occurred in this welding 
when subjected to some 1200 loading-unloading cycles 
during the investigation and in the final test to destruc- 
Since the strength of the weld metal deposited 
of the 


tion. 
from low carbon electrodes is less than that 


Fig. 3—Sketches showing shape of backing ring to fit contour 
of intersection of reduced size branch and header 
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Fig. 4-—Welded pipe manifold for 650 Ib. 850 F service which burst on hydrostat 


test at 8750 Ib 


medium-carbon silicon-killed pipe material used in 
manifold, it is evident that the sections provided 1 
have contained sufficient allowances for voids and la 
of penetration. 

The method of beveling branch and header for a 
size welded branch connection of the type used with t 
first 75,000 kw unit at Delray and for the test manif 
is illustrated by the photograph of a wooden model, | 
6. The preparation of the branch and header for tl 
type of connection required considerable skill in cuttir 


and fitting. The amount of weld metal required 
+} 


excessive and it was not possible to separate the part 


sufficiently to enable the welder to secure complet 
tration to the bottom of the welding vee without g« 
The appl 


shi \ 


' 


» 1 


weld spatter and icicles inside the header. 
tion of a backing ring to this type of intersection 
in Fig. 6 of branch and header would appear to be quit 
difficult. 
Application of Backing Rings 
to Full Size Welded Branch Connections 


The component parts of another type of full s 
branch connection to which a backing ring can be 
plied are shown in Fig. 7. This design is a modificat 
of that suggested by F. C. Fantz.'. To obtain a 
workable design for a full size branch connection and 
avoid excessive grinding on the header, it was fou 
necessary to make supplementary V cuts at the sides 
the header and to do some beveling on these V cuts. 1 
addition of a backing ring is, of course, the most signi! 
cant change and an improvement not feasible with ot 
methods of preparation. The branch connection asse: 
bled for welding is shown in Fig. 8. The use of a ba 
ing ring with this method of preparation permits ad 
quate separation of the branch and header so that 
designed weld cross-sections actually can be obtained 


all points around the intersection. 
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Re-Design of Reinforcement 


In addition to bringing out the desirability of chang 
ng the method of preparing branch connections for weld 
wg, investigation of the test manifold pointed the need 
w some modification of the reinforcing ring to give 
ereater support at the sides of the manifold. 
btained from strain gage measurements on the manifold 


The results 


efore applying the reinforcing ring were especially in 
ormative. The heart shaped stress contour lines shown 
n Fig. 9 indicate that the sides of the manifold have a 
definite tendency to assume a spherical shape. 

Tests on the same manifold with the ring type rein 
forcement added (see Fig. 4) showed that some perma 
nent distortion occurred at the sides at a pressure onl) 
70 per cent of that calculated to cause yielding of the 
pipe proper. In re-designing the ring reinforcement for 


the new style of welded branch connection, the bottom 
of the ring was extended to cover the region where final 
failure of the test manifold occurred (see Fig. 4), and 
side plates have been added to span the highly stressed 
The reinforcing ring and one of 
10 in position on the 


portion of the branch. 
the side plates are shown in Fig. 
welded branch prior to final forming of the bottom ring 
around the header. Making the side plates separaté 
from the ring simplifies forming both parts of the rein 
forcement and permits welding the reinforcement to th« 
branch connection at the center of the flat portion, thus 
affording more firm support than is possible where this 
With the reinforcement attached 
will 


final 


area is bridged across. 
in this manner there is reason to believe that it 
assume its full share of the pressure loading. The 
appearance of a 10 in. pipe header with the new styl 


reinforcement is shown in Fig. 11. Minor modifications 


f this design may be found desirable as further experi 
ence is had in the field, but it is believed to embody the 
findings of the investigation of the welded test manifold? 


and the constructive suggestions offered in discussion of 


that investigation. 
Additional tests* have confirmed the finding that the 


' 
crotc 


method of determining the reinforcement of the 
by compensating for material removed in cutting thé 
branch opening in accordance with ASME boiler cod 


Unpublished data, mat 


the subcommittee on welded brar 


re piping 


h connections of the ASA 


Fig. 5 








Sections through crotch of welded test manifold 


6—Model 


10x10 


showing 
header 


Schedule 80 


method of beveling branch and 


welded test manifold 





branch connection with 


in, pipe 
backing ring showing component parts 

oree nozzi ‘ 
isIs r) 1S I 

since ( b ( ( ( ( 

ply te ypening's ete é 1 
tne s ell diat ete | ‘ { T 

suppor! T he . es is ere ‘ ‘ 
Fig. 8—10x10- in. Schedule 80 pipe branch con. 


nection 


with backing ring assembled for welding 
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Fig. 9—Stress in outer surface of unreinforced manifold 
internal pressure 3412 psi (lb per sq in.) 


phasized as well as the desirability of extending the 
reinforcement both lower on the header and higher on 
the sides of the branch. 

his concludes the fourth article of a series describing 


Detroit Edison practice in welding carbon-moly and 


other high pressure piping in the current extension of 
Delray power plant. The present articles supplement 
several previously published accounts of this company’s 
work in developing satisfactory technique in applying 
this useful, but rather difficult, art to its high pressure, 
high temperature pipe joints. These developments rep- 
resent the combined efforts of the company’s engineer 
ing, drafting and field forces, working together as de- 
scribed on p. 90 of the February HPAC 

Owing to the comparative newness of the application, 
there still remains a promising field for pioneer effort in 
perfecting immature practices and evolving novel details 
peculiarly suited to pipe welding. Only when the art 
STroOws up and a deadening sense of perfection has been 
achieved, will interest lag in originating new methods 
and improved construction suited to welding In the 
neantime, progress is being furthered through the free 


exchange of ideas fostered by professional societies, 
Reverse Cycle System 


\utomatically holding a 70 deg temperature, the r 


verse cycle air conditioning system installed in the new 
Westinghouse Electric & Mfg. Co. building at Emery 
ville, Calif., heats or cools, corrects humidity, and cir- 








Fig. 10—10x10 in. Schedule 80 pipe branch con- 

nection with backing ring showing reinforcing 

ring and side plate in position prior to final 
forming of the ring around the header 





Fig. 11 10x10 in. Schedule 80 pipe branch con- 
nection with backing ring showing completed 
weld with new style reinforcement 


technical magazines, and the trade in general 


authors of this series of articles are pleased to a 
edge on behalf of their company and themselve 
appreciation of their indebtedness to others an 


operative spirit shown by all 
Heats or Cools Building 


culates 16,000 cim of an he estimated cool 
s 196,000 Btu. and the estimated heating requir 
is 238.400 Btu with a 35 deg outside te mperature 
building is 90 ft long, 50 ft wide, two stories hig! 
6 in. concrete walls and roof insulated with 4 1 
wood bark. 


The pick-up ratio of the heat pump installa 


35 deg outdoor temperature and a 7 
perature is approximately tive to one. In other wor 
for every kwhr of electrical energy consumed, the equ 
alent of approximately 5 kwhr of heat energy 1s 
tained. The plant, which has two 7'% ton, hermeti 
sealed compressors, was designed for manual ot 
automatic operation, with necessary thermostats, hu 
stats, and protective devices to maintain constant 
perature, air circulation, air filtration, and humidity « 
trol for summer and winter conditioning A / 
motor operates each compressor, and each fan is op 
ated by a 3 hp motor, making a total connected load 
21 hp. The system is of the central plant type 


Heatinc, Premnc anp Am Conprriontne, Arai, 19 








% 
* 


eae aed 


Power Savings Through Static 


r HE power required to drive a fan is proportional 
to the product of the volume of air handled and 
the total pressure. The total pressure is the sum 

the pressure lost at the entrance to the system, t 


; 


at 
system, and the velocity pressure corresponding to tl 


essure lost from friction and shock' throughout the 
the 

locity of the air as it leaves the system. Reducing the 
velocity of the air before it is released from the system, 
y causing it to pass through a properly designed en 
larved section, will decrease the velocity pressure at the 
| of the system. ‘The energy represented by this de 
rease in velocity pressure may be utilized to counterbal 


ec a part of the friction and shock losses of the sys 








By J. R. Fellows* 


Reducing the velocity of the air before it is released 
from a duct by causing it to pass through a properly 
designed enlarged section will decrease the velocity 
pressure at the end of the system. The energy repre- 
sented by this decrease in velocity pressure may be uti- 
lized to counterbalance a part of the friction and 
q shock losses of the system, thereby decreasing the 
total pressure and, in turn, the power required. .. . 
Theoretical and test data are presented here, with the 
author's recommendations for applying the principle 





tem, thereby decreasing the total pressure ind, 11 


he power required 
Professor E. Peclet? found, in 1861, that a funnel 
attached to the end of a straight tube conducting ai: 
from a tank in which constant pressure was maintained 
would increase the velocity of the air in the straight tube, 
provided the total included angle between the sides of 
the funnel was not more than 40 deg. Funnels having 
i greater angle than 40 deg had no effect on the velocity 
in the straight tube 

Peters, and Kratz and Fellows,* found the effective 
ness of an expanding section at the end of a system fot 
onverting velocity pressure into static pressure is in 
creased by addition of an after section of straight duct 
see Fig. 1) the size of the leaving end of the expand 


ng section. 
Static Pressure Regain Applied to a Fan and Duct 


- 


Fig. 1 illustrates use of static pressure regain in a 
simple system consisting of a fan and discharge duct 


iate in Mechanical Engineering, Universit of Tllir 





Shock losses are losses of pressure due to bends and area 
7A f Peclet’s experiments with small funnels is given ir paper 
B Williamson entitled Experimental Study f Far Evase 
Transactions of the Institutior f Mining Engineer \ 
R 95 
' Energy in Cross-sectional Divergences Under Diff 
ns of Inflow, \ i Peters National Advisory { ’ tte 
\e autics, Technical Memorandum No. 737 Translated frot ’ 
7 fol. IT, 1981 
‘Pressure Losses Resulting from Changes in Cross-sectional Area i \ 
by Alonro P. Kratz and Julian R. Fellows. Bulletin No. 390, Eng 
r Experiment Station, University of Illinois. 1938. Figs. 2 4 and 


this article are from this bulletin., 
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Pressure Regain in Air Ducts 
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Regain in an Abruptly Expanded Section 


Fig. 1—Application of static pressure regain to a simple 


and dise harge duet 
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Fig. 2—Theoretical velocity pressure conversion, pres- 
sure losses, and efficiency for an abrupt expansion 


section indicates that such a section, when placed at the 
end of a system, would effect a static pressure regain. 
Referring to Fig. 2, since the velocity ’, in the larger 
pipe is less than the velocity V, in the smaller pipe, 
the velocity pressure in the larger pipe would be less 
than the velocity pressure in the smaller pipe, and if 
there were no loss of head from shock or friction, the 
regain in static pressure would be equal to the decrease 


The efficiency of an abrupt expansion in converti: 
decrease in velocity pressure into a static pressure 
gain may be defined as the ratio of the regained s 


pressure to the change in velocity pressure, or 


V2 (Vi— V2) 





9g 2V: 


Vve— Ve ; V; 1 V. 





29 


The theoretical conversion of velocity | 


ressSUl 


Lil ¢ 


static pressure regain in an abrupt expansion as 


by Equation 4 expressed in per cent of ’,*/2g is | 


1 


in Fig. 2 and shows that, theoretically, the max 
static pressure regain occurs in an abrupt expai 
when the after section has a cross-sectional 
times the cross-sectional area of the approach s¢ 
The theoretical efficiency as given by Equation 5 


? 


area 


the head lost as given by Equation 2 also express 


per cent of ,*/2g are likewise plotted in Fig. 2 


? 


The results of Archer’s® experiments with wate: 
ing from a brass pipe to one of a larger cross-sect 


area, including a wide range of area ratios, confir 


oO 


foregoing theory and the theoretical curves of Fig. < 


Regain in a Gradually Expanded Section 


Experiments by Gibson,’ Peters,*, Briggs and 


liamson,? and Kratz and Fellows,* 


show 


that th 


of head in tapered transitions with total included ar 
of less than 40 deg is less than the Borda loss for al 


expansion given by Equation 2. 


The loss in such tapered transitions may be 


sented by 
K (V.—V;)* 
- 


’ 
YG 


where K is the ratio of the loss in a tapered expanding secti 




















in velocity pressure, or SExperimental Determination of Loss of Head D to Sudde F 
yes ve ment in Circular Pipes, by W. H. Ar ! roceedings, AS( \ 
1 2 Part I, p. 365, 191 
Sy = ———- ......... [1] *Flow of Water Through Pipes and_ Passages Hay 
9 9° Diverging Boundaries, by Prof. A. H. Gibsor Proceedw R S 
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where S; = regain in static pressure, feet of 
ae, fluid flowing ; ae Fig. 3—Ratio of actual loss in diverging sec- 
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“nade sities ‘ tions to Borda loss, from data of A. H. Gibson 
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loss in an abruptly expanding section for otherwise identical 


F litions of flow. Fig. 3 from the data by Gibson gives values 

for angles of divergence to 180 deg. 

: [he static pressure regain in a tapered transition fol 
ved by an after section may be expressed directly in 
ms involving the change in velocity pressure, the 

é Porda loss and the constant A, as follows 

a ] K (V; V:) 
5-= - —— i 
2g 2g 2g 


S; [8 


n the case of air flowing in ducts the static pressur¢ 
iin expressed in inches of water becomes 


re d, = density of air, lb per cu ft; 
le density of water, lb per cu ft 


[Theoretical curves showing the static pressure regain 

tapered transitions followed by after sections, calcu 
lated with Equation 8 and using values of K from Fig. 3, 
are shown in Fig. 4 and give the per cent of the velocity 
pressure in the approach section that would theoretically 
be converted to static pressure when different included 
angles of divergence are used, as well as different ratios 
areas between the approach section and after section 
It may be noted from Fig. 4 that when the expanding 


ey, the 


section has a total included angle less than 10 « 


ter section may advantageously be made to have a 


cross-sectional area equal to four or more times that of 
he approach section, and that the per cent of | 2 

t may be converted to static pressure may theoretically 
« made to approach 100. Because of greater lengt! 
he loss of head due to friction with the pipe wall 
ransitions with small included angles nullifies a par 


the greater static pressure regain 

Fig. 5 from data by Kratz and Fellows* shows actual 
static pressure gradients for four tapered transitions con 
necting a 6 in. by 6 in. duct used as the approach se 


n and a 1134 in. by 11 


on. The curves shown are actual measured static pres 


in. duct used as the after se 


sure gradients and the decrease in static pressure below 
umospheric pressure at the connecting plate represents 
tual net static pressure regain effected by the expand 
ng section and after section in each of the arrangements 

which a curve appears, 

lt may be noted that the expanding section with an 
neluded angle of 3 deg was more effective in converting 
clocity pressure to static pressure than any of the others 
ried. The expanding section with an included angle of 

deg in the arrangement as shown, effected a static 
pressure regain that was approximately 94 per cent of 
that effected by the 3 deg expanding section. The rati 
' the area of the after section to that of the approach 
section was in every case the same and equal to 3.84 
Che theoretical curves in Fig. 4 indicate that the area 
ratio of 3.84 is not the optimum one for 30 deg and 
OU deg expanding sections. The static pressure regains 
effected in these sections would have been somewhat 


greater than the values shown for them in Fig. 5 if the 
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smooth circular ducts 


Two Arrangements for Static Pressure Regain 


Fig 5 indicates it tine 
to an expanding section having i 
3 deg does not materially increase its effectiven 
converting velocity pressure to static pressure. W 
expanding section having a total include nel 
is used, the expanding section should be follows 
aiter section having a length equal to not less 1 
diameters and not more than 14 diameters 
proach section In either cas« the diameter [ ae « 
panding section at the leaving end should be approx 
mately two times the diameter at the entering et 
6 shows suggested dimensions for a 3 deg expanding se 
tion and after section (design 1) and a 7 deg expat 
section and after section (design 2) give 
the diameter of the approach section 

The 3 deg expanding section with after sect 
shown in design 1 is recommended tor effecti tat 
pressure regain at the end of the system where spac 
limitations do not prohibit its us« he att 
may be omitted if desired with a sacrifice 
than 3 per cent of the static pressure regain that wou 
be effected by the complete arrangement 

If space limitations will not permit the use of an ex 
panding section and after section having an over-all 
length of more than 14 diameters of the approa 
tion of duct, the use of an expanding section having 
total included angle of 7 deg followed by an after se 


tion having a leng equal to six diameters of the ap 


proach section (design 2) ay be used [he ( 
Fig. 5 indicate that the stati pressure regalt ettected 


by this design would be approximately 6 per cent less 





BEA gue Example—A certain fan with for 
























































reno Gi Fist EG GRE BGS MU A: ES a AE DE te 
Xt ; aw a ee | ae Se he Sa | | | rot RS ted tipped blades delivers 16,880 cfm at 311 
wei and requires 6.65 hp to drive it whe 
ae A art TTTT) _| static pressure is 1% in. of water. Ii 
| BAe Seesaw static pressure is reduced to 1 in. of \ 
rS and the fan speed left unchanged it wi 
x 2 x | ‘| | liver 31,650 cfm and require 15.0 hp. | 
| a | v-+ P41 ever, if the fan speed were decreased t 
Y) x | rpm, the original 16,880 cfm would bi 
BY 1% TY livered against a static pressure of 1 
+. ES + = water with an expenditure of 4.23 hp 
tt +9 1+ 8! Q If static pressure regain is appli 
} v 1 | 1% | % | .§ save power, the amount of the static | 
1 Sjy e be sure regain should be calculated by 
—TST_] Re 1G use of Equation 9 and deducted troy 
ryt 4 ! eee Static pressure of the system as pre\ 
+ S+ 1 __ 1 me operated. A fan speed should the: 
x | Sy selected from the fan manufactur 
I >] ry] catalog data that will supply the ori 
1S rit volume of air against the decreased st 
LX } ae pressure. The horsepower require 
ae hal WES FS GP of the fan at the new speed and st 
pressure should also be obtained fron 
Ome ft a Y | same source. The efficiency of che 
A reams eect Bas stm stascll | at the new loading should then be 
; | | | | | | YH HH + —}- —+ +1 termined from a typical efficiency « 
| Velocity of Aporoach, i te By for the type of motor being used 
hie wh PE? SEC.) s | r the original motor will not operat 
=——— a ‘ a £1 RENE ciently at the new loading it will 
6 square ae i: f U//F Square necessary to replace it by one that wil 
16 le @ 7 ? eae /2 16 20 maximum savings are to be effecte: 
Distarice from Corwectirng Plate iv reer pulley should then be selected that 
Fig. 5-Observed static pressures in duct with diverging sections cause the fan to be driven at the cor 
than that effected by design 1. Where the omission of me a eases — 
the after section from design 2 is absolutely necessary 2 ee —/9.1D, “350, > 
because of space limitations, the 7 deg expanding section 2 F 30 2” 
may be used alone, but from Fig. 5 it appears that the , Expondling pone mere i —_ zi 
static pressure regain will not be more than 85 per cent MITEL SOCTION 
of that which would be effected by design 1. Design No. : 
More experimental data are required to determine the 
variation in the efficiency of the proposed designs with = — a 
variation in air velocity and in size of the approach sec a ee en Pe | 13 
tion. However, from a study of the data taken by ht | “) 
Peters, whose test pipe had an approach section 70 mm Design No.2 
in diameter, and the data of Kratz and Fellows,* whose . 


test pipe had an approach section 6 in. square, the 
author is of the opinion that the efficiency of the pro- 
posed designs will be approximately the same for all 
pipe sizes and air velocities that are apt to be used com 
mercially. 

Designs 1 or 2 as shown in Fig. 6 may be attached at 
the discharge end of any duct for the purpose of effecting 


static pressure regain. 
Effect on Power Requirements 


If the fan speed is left unchanged when the installa- 
tion of the expanding section and after section is made, 
the static pressure at the fan outlet will be lower, with 
the result that the fan will deliver a greater volume of 
air. The fan power requirements may be increased or 
decreased, depending on the fan design and its previous 
loading. If the fan in use has a power characteristic 
which rises with increased volume delivered, the power 
required would be increased. 








Fig. 6—Expanding sections with after sections for effecting stati 
pressure regain 


speed for the new operating conditions. In most p1 
tical applications of static pressure regain it w 
be practicable to use the original motor for driving 


fan and it would only be necessary to change the pul 





Costly losses due to discarding ampules contaimuing 
minute dust particles accumulated in the packaging 
sensitive cobra venom solution and gland extracts | 
been reduced by two-thirds since the filling roon 
which this operation is carried out at the Hynson, \ 
cott and Dunning plant in Baltimore has been au 
ditioned, Carrier Corp. reports. 
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: By George E. 


Hk is diffi 
cult to discuss from a practical viewpoint, for the 
fabrication piping 
Costs start with the plans and follow throug 


with the billing of tl 


subject of piping estimates and costs 


and erection of involve many 


al iables. 


e material, purchasing, delivery to 


\ll 


he job, fabrication, erection, and testing must | 
not forgetting 


considered in preparing a piping estimate, 
Jlowances for field conditions. 


large lactor bot 


Properly prepared piping plans are a 
making the estimate and performing the work 


a few principles that should be tollowed for best. re 


ire ‘ 

ults. 

lf possible, the scale should not be less than '%4 in. per ft 
Separate plans should be made for steam, wate gas, et 
putting them all on one sheet will crowd it so as to make it 
lificult to interpret 

Each line or branch should be given a number on the plan t 
dentify it on the bill of material and shop sketches 

Sufficient elevations should be made in order to make t 

wwing readily mtelligibk 

Each draftsman or engineer should use t same te ] \ 
ind piping symbols 

Particular attention should be given to clearance betwe 
for insulation, hangers, and other interferen 

There is no advantage in cheapening the plans at 
expens of re time on the 1ob It is more economical 

spend money on iwll than ‘ vaste 
time and errors in the held 

Billing the Material 

The first step in preparing the estimate is listing th 
materials required his is best done on a regular for 
lor this purpose, accurately enough so that if the job 


goes ahead the estimate can be used to purchase the ma 


erial without having to do the task over again 


or this purpose is illustrated here; it is used as follows 
; Bill of Material Numbe) Kach sheet of the bill is 
2 numbered with the number of the general drawing cov 
ered, as well as by the number of 


e line or branch. This identi 


, : First step is 
hes the job and the specific line % ime 














Preparing the Piping Estimate 


s 
Deatherage 





lo cover the subject of piping estimates and costs 
What the 


author does here is to indicate the importance of a 


completely would require at least a volume. 
proper procedure in making up the bill of materials 
it 
By following through a logical scheme, economies in 


and to show how is used in determining cost 


purchasing, erection and other work are made possible 





or pbrancn to nec ( sting ik ( 
he WOTK D1 eeas bee ( ( 
sheet can LM priced SCT ite ‘ 
centage ot the total may be kk« I ) 
er otf man-hours required for the } 
il { ich linn lhla\ be ele ( ( 
discussed more fully latet 
lhe toremat ] he held cat © ft ( 
ile | lis so that he know eXal 
rdered tor ea line of the Wo I ‘ 
Liv | Ls suppli 1 the sTores CCTDCT 
lists by wl cl le checks Live l ( 
httings ind lelive s the ce le ] 
( r group of lines oO the } ) ( ‘ 
eC Tore al 
TUL e) Che number 
yr covering the |] ne S ¢ ( 
{ ul comet or purposes | Cl ‘ 
sions are indicated in the uppe c ( 
In S space Ll We | desct ( 
( Tl ed sucl . Prone | r1LIS¢ c 
Cte 
Contract Nu This spa ( 
counting and fili purposes 
Date Listed Chis bears the dat é 
il was listed ollowe by the nanny 
person pertorming the work L nde é ( 
€ cost ¢ ne nwunpe»rs are indicate | 
the listing of materials on a form for the purpose 


— . 
0 which the list applies. Only way ’ 
. bei - Revision | /ssve 
n ] . ] - } h ] , wa oe ? ie, oe! 9% PIPPIN MATER/AL Darr VO 
one line or branch should appear Line Nea.. . Ot OF 1 G TERIAL fore el 
ve ; ketch No. 
on each sheet, and all of the ma S gai ne F ctecae i | 1 
| | tll of Material Nutnbher SAeer No oF 
tert: } ste . ou . . ‘ ry , . | 
erial for it listed, including Contract No Job ate Listed BY 
bolts, gaskets, hangers and all Job Derat/. Charge 
. . Date to Fur: Dewh. . Checked. Approved” 
pecialties. With only one line } » ah + : . : - ences ~~ — 
> on , eo? Tor 
| i Size | Meleria/ -Oescription Mark | pig | Ciscounts ice ice Reg.| PO. Remarks 
“onstr tion Engineer Mr Deatherage a : - - T 7 an T T T T : | 
s been harge t design, estimating and } = 4 , + + 4 + + + 4 
Sruction ot mechanical installations over 
eriod of some 25 vears, most of his ex a mame t T T T T T T T T 
ence being with piping work }-—_—_+__ + j j j | | 4 i 4 
we 
Lhe Heating, Piping and Air Conditioning + } rt rt 4 4 4 4 4 
tractors National Association recently 
pted a resolution which states that as T | | T T if T | 7 
furnishing of small scale drawings and — . } 4 ; + , ‘ 4 ; 4 
iheations and insufficient information ‘e are 
essary to prepare an estimate intelligently vo en —_ > | | 7 
caused serious loss, it is recommended oe ee 4 
no plans (except block plans) shall be po) ‘eee TT __ oe 
wn to a scale less than % in. to the foot, -—— } + + 4 + oo 
that when % in. scale plans fail ack 4 | | | j | | ar a 4] 
itely to show or describe the work, larger | 1 
e drawings shall be provided - 1 ! A J 
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Shop sketches, fully dimensioned and with essential 
data for fabrication, are made on letter size sheets 


It is important to keep the bills of material in line 
with any revisions. If the drawing is changed, requir 
ing a change in the type or the amount of materials, the 
list is revised accordingly. Inasmuch as each list covers 
only one line, changes in the materials are easily isolated 
and recorded, so that if necessary they may be sent back 
for credit or applied to other parts of the work. 

Material Listing—The body of the form is self-ex 
planatory, inasmuch as it covers the usual columns for 
the number of pieces, size, description, identification 
mark, requisition number, purchase order number, dis- 
count, net price, etc. Obviously, all of these columns 
are not used if the work is not gone ahead with for any 
reason. However, if the material is properly listed for 
the estimate, this work needs to be done only once. 

Accuracy is the keynote of the whole procedure, and 
if it is kept in mind that if the work is secured the list 
is to be used for purchasing it will eliminate the ten- 
dency to guess at the number and sizes and automatically 
result in an accurate estimate. 


Pricing the Material Lists 


Inasmuch as the material has been listed for purchas- 
ing, using a complete description with trade practice 
terminology as appears in trade catalogs, the work of 
pricing is facilitated. Assuming that all of the materials 
that will be required have been listed and have been 
summarized as to size, number and description, we are 
in position to achieve economies due to quantity pur- 
chasing. With the increased use of special piping mate- 
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rials, economies of this kind are particularly worthwhi! 

Freight and Handling 
job are items that must be paid and as such must | 
given due consideration. Whether or not these items a: 
priced along with the material will depend upon tl 


Freight and handling on t! 


method used in figuring field labor. Some estimato: 
calculate the freight as a direct material charge, alor 
with any local cartage. Others, using the percentag 
method of labor estimating, use catalog prices and i 
clude handling in the labor. 

It has always seemed to the author that freight a: 
cartage to the job is properly a material charge and th 
field labor should not start until the material lands « 
the job. 


Estimating Fabrication and Erection Costs 


Listing and pricing the materials on the job is pure! 
a mechanical function if performed according to a log 
Itemizing fabrication and erection cos! 
On the larger worl 


cal procedure. 
is an entirely different matter. 
the labor on any one class of work, will be (to son 
extent) a certain percentage of the cost of the materials 
although this percentage varies widely depending on th 
class of work. In analyzing more than 300 separat 
jobs, the author found the ratio of labor to material cost 
varied between 30 and 250 per cent. This is too wid 
a spread to be worth anything, unless the estimator 
thoroughly experienced and knows from his experienc: 
what ratio to use. 

The percentage method can be used successfully if the 
estimator has had sufficient experience with it to enabl 
him to set the proper ratios. The cold figures, howeve1 
do not describe the conditions under which the work wa 
performed. It has been the author’s practice, therefor 
never to use the ratio of labor to material if there was 
chance to break the work down to definite classifications 
and calculate from past experience the actual man-hours 
required. If the materials have been taken off fro 
the numbered lines on the drawing, and each line o1 
branch appears separately, the man-hours required fo: 
that specific job may be estimated. The likelihood of! 
error through lack of experience and cost records 
still present, but the limits of the error are less tha: 
when a single percentage for the entire work is used 


Shop Sketches 


Assuming the general piping plan for a welded piping 
system being well prepared to proper scale, etc., an 
with each line or branch numbered for identificatior 
each line or branch is broken up into smaller sections 
for prefabrication in the shop. These sections naturally 
must be of such a size and shape as will permit handlins 
and erection in the field. 

3efore the section of piping can be fabricated, a sketc! 
should be made of it for shop use. Whether the sho, 
makes it, or it is made in the drawing room in whic! 
the general piping drawings are prepared, is immaterial! 
The drawing room is the most logical place to make tt, 
and by the same draftsman that made the general piping 
plan. He is familiar with the work and can more rea 
ily make and check the sketches against the plan. This 
practice lends itself to economy, accuracy and speed. 
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\ typical shop sketch (made on letter size sheets for 
convenience in handling, and to ™% in. scale, fully di- 
nsioned, and carrying essential data for fabrication) 
illustrated here. Lach section of the sketch should 


: numbered to key in with the piping plan, for con 
nience in erection, and should bear the line or branch 


number. If the work from sketch to fabrication has been 
accurately performed, the field work is simply that 


assembly. As the bill of material number ts also carr 


How Are These Combustion Problems Solved? 


| Kalman Steiner* answers a reader's questions | 


READER of HPAC asks about the effect of the 
amount of moisture in coal on the water vapor i1 
A the resulting gases, and the amount of heat lib 


erated per pound of carbon in complete combustion to 
CO, and in combustion to CO. 

In reply, the first question can best be answered by 
making a few typical calcula 
tions. In order to simplify 
the calculations as much as 
possible, a number of assump- 
tions, will be made which, 
while not necessarily true, will 
not affect the usefulness of the 


solution. Assume, therefore, 





a coal analysis of moisture 16 
per cent, ash 10 per cent, car 


\\ hile of cours 


bon 68 per cent, hydrogen 6 per cent. 
other substances, such as sulphur, nitrogen and oxygen, 
would also be present in a stoker fuel, they can be ig 
nored for this calculation. 

Combustion calculations are most easily made on the 
basis of mols. A mol is the quantity of a substance 
whose weight in pounds is the same as the molecular 
weight of the substance, regardless of the temperature 
or volume. The molecular weights of interest here ar: 
water, H,O, 18; carbon, C, 12; hydrogen, H,, 2. 

The first step is to express the coal constituents in 
percentages on an ash free basis. This is done by di 
viding each percentage of the original analysis by 0.9 
1é., | 10 per cent ash) to get H,O, 18 per cent; ( 
75.4 per cent; and H,, 6.6 per cent. 

Percentages of constituents are then expressed in mols 


— by dividing each by its respective molecular weight : 
HO 18/18 1.0 mol 
C = 75.4/12 6.3 mols 


H: = 6.6/2 3.3 mols 
The well known equations of combustion establish the 
ratios of gas volumes: 
C+ 0, CO.7 and H, + 1/2 O, H.O 


meaning that each mol of C requires one mol of O, for 


complete combustion and that each mol of H, requires 
one-half mol of O,. Substituting the mols of C and H in 
accordance with the above, with the equivalent amount 
of O, for each, we secure the mols of O, required. 


"Ace Engineering Co 


The formula for carbon dioxide, COs, means that each mol of it cor 


ns one mol of O, and one mol of C. If carbon could exist as a gas, then 
bic foot of it would combine with a cubic foot of oxygen to make a 

foot of carbon dioxide, all volumes being at the same temperature 
ther words, there would be a shrinkage of 50 per cent in the combined 
nes. Carbon of course is not volatilized even at firebox temperatures 
) that ain effect the equation refers to the amount of solid carbon which 

i form the required volume if it were gasified Another way of ex 
pressing the reaction quantitatively is to say that 12 lb of carbon combine 
with 32 Ib of oxygen to form 44 Ib of carbon dioxide, but there is then 
no explanation of the volume relations, which are the subject of the original 
jue on. 


} 
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gas is 4.3 


on heating values directly from tables 


when the released Btu’s are measured 


others on 32 deg, etc. As a result, for 


tween complete combustion of carbon to CO 
combustion of CO to CO rhe 


on the sketch, cross checking is facilitated. Symbols 
and terminology used by the draftsmen should be stand 
ardized so that there will be no confusion, 
6.3 ¢ 1 6.30 O 6.3 mols CO 
H. + 1.65 O 3.3 mols H.O 
Adding 7.95 O 

Since air is roughly 20 per cent oxygen, there will 
be four volumes of nitrogen remaining in the flue gase 
for each volume of oxygen entering combustion. I 
addition, since the total air required for combustion 
7.95 & § 39.75, and since 50 per cent excess 
provided, there will be 19.88 (say 19.9) mols of an 
the flue gas (50 per cent of 39.75 19.88 

= 
CQ, trom combustior f 
H.O from combustion 
N. from air of combustion s 
H.O from moisture of coal 0 
N. and O, from excess ait 
[otal mols flue gas 
Water Vapor wu 
H,O from combustiot 
H.O from moisture in coal 
otal mols H.O 
Therefore, the percentage of wate i I 1 


> > 


100 /62.3 


By a similar calculation it can be shown that if the 


original coal contained only 3 per cent moisture, the 
percentage of water vapor in the flue gases would thet 


be 4.5 per cent, 


The second question may be answered by taking data 
It happens that 
’ 


the heating value of a fuel depends upon the combustion 
conditions : 


temperatures of fuel and air at moment of 


ignition, and temperatures of products of combustion 


Various values 


will be found in the literature, some based upon 60 deg 


32 mstance tie 


heating value of CO ranges from 3900 to 4500 


The heat released by burning carbon to CO cannot 


Le measured directly. It is taken as the difference be 


and the 


American Gaas Ass 


ciation has published the following data based on ten 
- os . 
peratures of 32 deg: 


Carbon burned to CQO, yields 169,686 Btu per mol of carbor 
Carbon monoxide burned to 
CO, yields 122,328 Btu per mol of carb« 


Carbon burned to CO, the difference $7,358 Btu per mol of carl! 


Since the molecular weight of carbon is 12 


169,686/12 14,140 Btu per lb of carbon in complete combu 
tion to COs». 
47,358/12 3946 Btu per lb of carbon in combustion to CO 
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Heating and Ventilation 


lite Golden Gate International Exposition, which 

opened a few weeks ago on Treasure Island in 

San Francisco Bay, does not employ air condi 
tioning and heating to the extent that the New York 
World’s Fair will, for the local weather conditions are 
such that these services are not required in the various 
exhibit palaces.’ 

The administration building, which is a permanent 
concrete structure, is heated by means of mechanically 
circulated hot water, with a boiler plant in the basement 
consisting of a welded steel boiler fired with oil. The 
system is operated at a temperature of 215 F, under 
pressure, with the expansion tank in the boiler room. 
Kadiation is partly the convector type, with direct radia- 
tion in some of the office rooms and unit heaters in the 
large basement areas. Mechanical exhaust ventilation is 
provided for the main dining room, cafeteria, kitchens, 
garage, and toilet rooms, as well as for the hospital unit 
in the building. This building is to become the air ter- 
minal building after the close of the exposition, and will 
be used by Pan American Airways. 

The only other permanent buildings are the two hang- 
ars, one now used entirely by Pan American; the other, 
with additions of exhibit rooms on three sides, is the 
palace of fine arts. The concrete rooms added to the 
hangar are ventilated by supply fans drawing air from 
the upper portion of the main hangar, and discharging 
through diffusing outlets above a wire ceiling in the 
rooms. No heat is provided, but heat from the lighting 
is sufficient to keep the building comfortable in the cold- 
est local weather. 

No heat or ventilation has been provided in the ex- 
hibition palaces except in the palace of foods and bever- 
ages, which has a mechanical exhaust system handling 
72.000 cim, part of which is handled through a duct 
helow the floor to which may be connected equipment 
exhausts. The main exhaust is through the roof with 
fans and ducts above the roof, but concealed behind -the 
parapet walls. 

There are four small auditoriums in the several pal- 
aces, each provided with mechanical exhaust at ceilings 
with air admitted from the main palaces. Festival hall. 
constructed in one of the palaces, is heated with four 
circulating unit gas furnace heaters, each of 200,000 Btu 
input and about 4000 cfm fan capacity. All public toilets 
in eight locations in palace buildings and three locations 

*Chief, Division of Mechanical Engineering, Golden Gate International 
I xposition 

‘Air conditioning, heating, and ventilating at the New York World's 


Fair was described in the February Heatinc, Pireinc ano Air Conpi 
riontnGc by Sanford R. Apt 
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Ss Weber aeet tale “ 


on Treasure Island 


are ventilated with mechanical 


in the “Gayway”’ 
haust systems. 

The police and fire station is heated by a hot 
system, gas fired, with direct radiation and unit heat 
there is exhaust ventilation for toilets, lockers, etc 
hces for the housing of various divisions of the exy 
tion, which are situated in the palace buildings 
heated with mechanical warm air gas furnaces. A 
tain amount of heating of various types has been 
stalled in isolated buildings provided by exhibit 
states, etc. 

Fuel for all heating and cooking, with the except 
of the administration building, is natural gas brou; 
across the bay from Oakland in a 4 in. submarine 
under 50 to 60 Ib pressure and reduced at the p 
where it comes onto Treasure Island to 10 Ib. It is t 
distributed throughout the grounds and again redu 
at each consumer’s meter. 

An interesting installation is the water curtain in 
nection with the “Cavalcade of the Golden West,” a 
geant of California history produced in an open 
arena with a 200 ft stage. The curtain is provided 
a 6 in. header 180 ft long set just below stage 
and containing 2160 vertical nozzles 5 in. in dian 
throwing vertical jets of water 25 ft high. Red, 
and amber flood lights are set immediately behind 
header and pointing upward. When water is tur 
on, a continuous curtain, lighted in colors, obscures 
stage for scene changes. 

The water is handled with a centrifugal pump in 
tinuous operation; a quick opening gate valve in 
discharge line controls the curtain. The waste w: 
runs into two ponds at the front of the stage and is 
used. The pump capacity is 350 gpm under 50 
pressure, 





By William E. Leland* 
Twenty million cubic yards of sand were dredged and ’ 
deposited upon a shoal in the center of San Francisco 
Bay to make Treasure Island, the mile long, 400 acr: 
site of the Golden Gate International Exposition. After 
the exposition, the temporary buildings will be re- 
moved, runways will be constructed, and the island 
will become a vast airport. Three of the building: 
are of permanent construction, and are to be retained 

. . California climate does not require as extensiv: 
provisions for air conditioning and heating the exhibit 
buildings as those at the New York World’s Fair de- 
scribed in February. But to keep the record complete. 
the chief of the mechanical engineering division o! 
the exposition describes the heating and ventilation 





Heatinc, Pipinc anp Am Conprrioninc, Aprin, 1°35 








4 N understanding of the fundamental principles 
‘ of hydraulics, construction methods and mate 
rials used in constructing wells will often pre 

vent the wasting of large sums of money. 
4 Wells are of two general classes, shallow and deep 
Both classes are constructed in the upper un 
shallow 


wells. 
; consolidated 
pumped with surface or suction type pumps and gener 
ally less than 100 ft in depth. Deep wells are those ove 
100 ft deep which are pumped with deep well type 
Wells drilled in rock formations are known as 


formations, wells being those 





pumps. 
deep rock wells. Wells of this type generally range from 
200 ft to as much as 2000 ft in depth and are pumped 
by deep well turbines, displacement pumps or air lift, 


io atte ll a wh tains tela 


lepending on the well conditions. 

The source of ground water is precipitation from the 
atmosphere. Replenished annually in varying amounts, 
eround water fills the voids, interstices, cracks, fissures 
and openings of all kinds below the water table, the 
upper surface of which is known as the static level. This 
point is important and should be accurately determined, 
as it, combined with the drawdown or amount a water 
bed will lower under a given rate of pumping, deter 


mines the number of feet of lift below the surface—all 


of which determine the cost of getting water from a well 


to the surface. 


a eb ba ee 


Effect of Well Diameter 


The diameter of the well is important as it determines 


the cost and to some extent the amount of water that 


will be obtained. However, it should be borne in mind 


that the capacity of a well does not increase directly with 
the diameter. The capacity depends almost entirely on 
the yielding ability of the formation in which it is con 
structed and the methods used in constructing the well 
itself, 


and gravel formation will yield about 10 to 15 per cent 


All things being equal, a 12 in. well in a sand 


well, while a 48 in. well will 
produce 20 to 35 per cent more than a 12 in. 
a 10 ft well would produce about 25 per cent more than 

48 in. 
enough to accommodate the type of pump to be used on 


the well. of course. 


. more water than a 6 in. 
well and 


so hae 


well. 


ese 


The diameter should always be large 


Well Screens 


An important part of any well in a sand-gravel for 
mation is the type and material of the screen. 


’ 


Deep 
ock wells do not ordinarily use screens, being cased 
to the rock and obtaining their supply from crevices, 
solution channels in the rock 
The life of screened wells, however, depends almost en- 


ssures and formation. 


tirely on the screen used. This is because ground waters 
usually either corrosive or incrusting in their chem- 


al nature and immediately start to destroy either the 


reen itself by corrosion, or its efficiency by building 
up a hard mineral deposit on and around the screen. 
iese phenomena are well understood by reliable well 


“Office Engineer, Edward E. Johnson, Inc 
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What to Consider When Using Wells 


contractors, who point out these dangers, and the 
ful executive or engineer will insist on a sieve anal 
of the formation to determine the proper size opet 
a (4 lemical analysis 


to use in the screen, and 


water in order that the screen may be 
corrosion-resisting metal best adapted for the part: 


water in hand. So many factors enter into the select 


of a well screen that it is practically impossible proper] 
to select a screen without the aid of such analvs« 

The capacity of wells is sometimes increas« 
introduction of gravel around the scree 


] 


by several different methods, probably 


factory being the stabilized gravel pack. wher 
properly graded is introduced around the screet 
construction and then followed by proper devel 


+} 


Development is for the purpose of ren c 
sand in the formation surrounding the well, whic! 
cone will allow the use oO] large meninges in the 








By E. W. Bennison’ 
Water is one of the essential materials used in air con- 
ditioning, and much of it comes from wells. In locali- 
ties where it may be had at a low enough temperature, 
the water may be used for direct cooling of the air 
In other cases, well water is used for condensing pur- 
poses. In some situations, it is necessary to have a 
disposal well to get rid of the water after it has 
served its air conditioning or 


condensing purposes, 
The art of 


well drilling is of con- 


siderable interest to air conditioning engineers and to 
plant engineers concerned with industrial water sup- 
plies. This article tells some of the fundamentals of 


wells that engineers and executives should remember 


Drilling a well to furnish water for 
air conditioning a department store 














How a Well Functions 








Grouw7d Surfacez . 















































After a well is con- iy ge ‘ fete 8 we 4 +s) see a 
a ‘ neta? | : asl? : “Casiv?Ig:-*" $ 
structed it is useful to Weta shin pte — Mane’, gene tl , = wy.’ eet a 
have a general under- or moka > o> Samia ie Sram level. : i Sfatic} re 
— of sea a Seen | aeereceere eS ormatiors -*) ‘ 
well tunctions. 1@ Ca- a eee eee a a ela Cg ae NS OE ° LS 
fis? , ” .. Statie|| Level..— a ee Bee e.” £CFAVE! 2+. EB a 
pacity will depend on: ee Se, ode eee a PICK > a Oe 
The ability of the forma- o.* SS eS so 2 ge Pere eee ee fae ; 
tion to yield water according tga ee e o8, Sa ewe so Ot O08 een Oe See Se ie Sse 
; Epis Casing. ™ 0 -°. ES (Clay - Sarid, fe * Sarr & Gravel)... s.+3 
to the depth the well is con- Ra ee at] | Pe) — Cee CREE Went coe un Bo OF %  . © 9° 
structed into it. This rela- ee 2) oe? ae =e ‘de Ses cee ee See ey hae a 
Ladin 3 ; » «Ae, ee gee ae Pore on ap. ° : i 
tionship is practically that of ee” | Ee PR a eS? «. *. * Stee = stored *" PPA IEA a ; 
. 4 , 7 Ce en Se — > ¢ rv Y ° - . 7 =? © e* ° w- ¥ 
direct proportion. moll it ge eS -_— Cc D zi 
The head available or the Ce eg a ee a ee R 
depth from static water level — Solid — Rock ~ t 
ono” Z a ——— =, au 
to the bottom of the well. oo ae eae ee cy "sg 
ne wee oe ? i 
The friction loss of the , yy! oe, A-Deep drilled rock well. Cased to tock, 00 screen. z 
water in motion or the re- AY 7 TI Orly drilled hole i rock. z 
° » | 3 
sist “@ age re ote - e es 
istance to passage offered T7244 STIR , B-Deeo tubular well. Casing and screen in sard | 4 
by the formation. This varies 7 Vip } a grave/ fortnatiotrs. No grave/ pack : 
" ~ ee von — . ME BOE, Vt7 S772 «(CC -D5eee gravel-packed well in sand gravel for 
the particies making up the  . . , ; eS ee . 
f mall ; ‘a in og M ; 7 Bme matiotrs. Casing and screer. | 
oO < Oo an oO j , j . 5 = 1" 
wrcie wnbacite f £ nu = D-Shallow tvbular well. Cased arrd screened /? 
praaeecge ae ev as upper fortnation- sand ord grave/. 
As soon as pumping 1s 
started, the water in the | 
well starts lowering and Sketch illustrating different types of wells 
a difference in level be- 
tween the water in the well and the water in the forma- is what causes water to move toward the well. T! 
tion is created. This difference is called drawdown, and amount of drawdown can be reduced to a minimum 
using the proper design and length of screen in the cor 
Installing a well screen made struction of the well. <A definite relationship exists b 
of alloy material at a brewery ; : , 
tween drawdown and yield; for artesian wells this rela 
tionship is almost a straight line or direct proportior 
For wells in sand-gravel formations the relationship 
more of a curve, as indicated by the following : 
Per Cent of Lowering Per Cent of Capacity 
(Drawdown) ( Yield) 
10 i8 j 
0 i) 
30 51 
40 64 
50 76 
60 g5 
70 91 
80 96 
90 99 
100 100 
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The drawdown causes a depression in the water tabl 
which extends for a considerable distance around th 
well depending on the amount of drawdown. 
of low yield this cone of depression is generally not moi 
than 100 to 500 ft in radius. For larger wells, say 1000 
gpm and upwards, it oftentimes extends as much as 
1000 to 2000 ft. In other words, the pumping of a well 
lowers the water table all around for considerable dis 
tance and if several wells are situated too closely in th: 
same field, they will interfere and rob each other. In at 
artesian well this is not the case as the reduction is i1 
pressure rather than levels. 

It might be well to repeat that an artesian well is on 
where the head will rise above the surrounding wate: 
table. Some artesian wells flow and some do not. Al 
other wells are non-artesian. The word “artesian” i 


For wells 


[Concluded on p. 239] 
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Fig. 1 





View of the outdoor sections of the steam and condensate piping 


Supporting and Erecting 
a 24 Inch Steam Tie Line 


HE Consolidated Edison Co. of New York re 
cently completed and put in service a steam line 

and a condensate return line between its Hudson 

\ve. and Gold St. stations, which are about 500 ft apart 
Purpose of the piping is to convey steam from Hudson 
\ve. to the turbines at Gold St. for the generation of 
approximately 100,000 kw. The condensed steam from 
Gold St. is returned through the 
the boiler feed system of the Hudson Ave. station 

a total 


condensate — link 


The steam line is 24 in. in diameter, has 
length of about 1100 ft, and an ultimate capacity of 
1,750,000 Ib per hr of steam. The condensate line is 
10 in, in diameter. 

The support and erection of the outdoor piping is of 
particular interest and is our subject here; a second 
article will describe other details, such as the piping 
oints and materials, pressure reducing and desuperheat 
ing equipment, insulation, etc. As will be noted from 
Figs. 1 and 2, the piping is supported on catenary cables 
between the two buildings, and there are two intermedi 


te structural towers. 
General Features of Piping Design 


Design of the 24 in. steam line was controlled by the 
cessity for protecting the existing steam arteries and 
various incidental equipment from additional forces su 
perimposed by the expansion of the new piping. In 


Cor lidated Edison ( of New York, I 


* Division Engineer soliida 
Assistant Division Engineer, Consolidated Edison Co. of New York, I: 
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(uigou* and 3 W. Spielvogel} describe the 


M. A. 
support and erection of a 24 in. steam tie line and 
condensate return line connecting two of Consolidated 
Edison’s stations, which are about 500 ft apart. 

As explained in the discussion, the requirements wer: 
met by utilizing overhead support by means of two 


suspension cables and with two structural steel towers 





addition it was necessary to confine the m 
ing to a narrow strip along the building walls of 
stations in order to meet clearance requirements 
lorries, traveling crane and equipment removal s] 
he piping was fitted in the available space with sufi 
cient clearance for its own elongation and sect ( 
by means of anchors into independent units « 

absorbing its own expansion (Fig. 2 

There is one anchor between Sect ns 1 2 
anchor at Tower B, one at the inlet St if 
lig. 3, and a guide at the end of Section 4 he ancl 
were designed to offer complete restrall eC! 
ments and resistance to pipe thrusts in anv direct 
lhe euide was designed to resist thrusts thie I 
zontal plane but to grant freedom for the vertical ex 
pansion of the 16 in. lead to the existi eac 

Special ] rovi wl had té be mace prot mh ¢ ! 
valve situated at the foot of this lead An i =) a 1 
the conditions at this pou Fig. 2, v ! 


»99 


+ 

















zontal rotations of the 24 in. pipe are translated into a 
torque in the riser, which in turn is transferred to the 
header through an intermediate valve. Calculations 
showed high shearing stresses in the flange bolts of the 
valve. In order to avoid possible distortions of the 
valve mechanism the torque was eliminated ahead of the 
valve by transferring it to the turbine room floor steel 
through special lugs welded to the riser. 

The rate of thermal expansion was taken as 4.9 in. 
per 100 ft and the modulus of elasticity as 25,500,000 Ib 
per sq in. 


Support of Outdoor Piping 


Considerable thought was given to the method of sup- 
porting the outdoor portion of the line. In connecting 
the two generating stations the pipe had to cross two city 
streets and the yard of the Atlantic plant of the National 
Lead Co., a total distance of almost 500 ft which is en- 
cumbered with existing structures and restricted against 
new structures. An underground line did not appear 
feasible because of unsatisfactory subsoil conditions 
along the waterfront. 

Another factor which influenced the design in con- 
siderable measure was the small margin for allowable 
pressure losses between the Hudson Ave. boilers and 
the throttle of the Gold St. turbines. For this reason 
alone it was imperative to reach the objective in the most 
direct manner in order to deliver the specified steam 
quantity at the required pressure with a single line and 
readily available pipe sizes. 

The solution that satisfied these conditions involved 
the use of overhead support by means of two suspension 
cables. The pipe run between the two generating sta- 
tions was divided into three spans by installing two inter- 
mediate towers in such locations as to cause the least 
interference with the traffic problems of the plant. 

The cables are 134 in. diameter galvanized steel bridge 
cables consisting of six strands of 19 wires each, with a 


wire rope center. Their ultimate capacity is approxi- 


Fig. 2—Diagram of the piping, showing the supporting 





mately 124 tons. The suspenders are 1 in. diameter e) 
bars with turnbuckles. At their lower end the suspende: 
engage inverted U-bolts which in turn carry the hang: 
assembly of the steam and the condensate return li: 
(Fig. 4). This sketch also shows a 1 in. heating li: 
carrying 620 F steam installed under the condensat 
line as a protection against freezing. 

The generous use of linked joints has the purpose ; 
insuring an independent and unrestrained expansion | 
the two lines. The necessity for this arrangement bx 
comes evident if one considers that the rate of the tw 
expansions is as one to six and that the motions in o1 
span are of opposite direction. 

The hanger rods were erected inclined to the vertical 
that is, their lower ends were offset one-half the antic: 
pated expansion movement in respect to the point of sus 
pension on the cable. Thus the deviation from the plum! 
line during hot and cold condition was reduced to 
minimum. 

The cables are anchored at each generating station o1 
special steel frames which carry the cable pull to thy 
building foundations. 


Load Combinations and Anchorage 


The outdoor piping was designed to resist thermal 
stresses, stresses due to a wind load of 20 Ib per sq 
projected on the pipe diameter, and stresses caused }) 
variations of the cable sag at different atmospheric co: 
ditions. An analysis of the possible load combinations 
and resulting pipe deflections brought out the necessity 
for restraining the ends of each span and of inserting 
pipe sections of greater wall thickness in the region of 
negative wind moments. In this manner, a possible cd 
flection of 19 in. due to wind action in the longest spar 
was reduced to 334 in. 

The following stress values for %4 in. 
the ends of the Hudson Ave. may 
illustration of the intensities due to the various actions 


pipe wall at 


span seftve as al 


structures, location of anchors, expansion joint, ete. 
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> hee 


‘ron wind, 6600 psi; longitudinal pressure stress, 2050 
osi: longitudinal bending stress due to expansion, 5000 


he BN 


si —a total of 13,650 psi at the severest working condi 
( psi lb per sq in.) 

ie change in cable sag 
from 65 F at 


was estimated at plus or 
130 F in the 
Additional 


1] stresses of 2400 psi due to these variations will 


is 1.5 in. erection to 


mer and zero temperature in the winter. 


ir at fibers located at right angles to those previously 
nentioned. 

fhe straight run of 316 ft between Tower B and Gold 
St. Station (Section 3) is protected by an expansion 
The far ends of this section are 
unchored thrust of 115,000 lb. The 
ends are free to expand toward the center of the expan 


int at Tower A. 


against a inner 
joint. This section, therefore, carries no longi 
‘tudinal stress due to expansion but transverse stresses 


s1onl 


due to steam pressure, which equal (respectively) 6380 
psi and 4100 psi in the % 
he other stresses caused by wind and change 


in. and 34 1n. thick pipe walls 
in cable 
sag are longitudinal and have their maximum in planes 


hich are at right angle to each other 


Expansion Joint 


The expansion joint cares for two-thirds of the out 
or piping or an aggregate thermal expansion of about 
1Sin. The pipe branches which lead into it are anchored 
ir f at tower B and at the inlet to the 
The joint is of the sliding type, that 


- far ends; 1. 
Gold St. station. 
is the pipes entering at both ends with machined sur 
faces are permitted to expand toward each other by slid 
shell 


ghtness 1s obtained with heat resistant packing material 


steel anchored to the tower. Joint 


ing within a 


into stuffing boxes at each entrance 
The 


joint is constructed to permit repacking under pressure 


which is fc irced 


Fittings provide for the lubrication of the packing. 
To this end, and as a safety measure, two peripheral 


Fig. 3 


Pipe support on steam downtake 
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chambers are grooved into the stationary shell ahead 


each stuffng box for the purpose of collecting and dis 


charging steam which may have leaked between the 


sliding parts. 
Restraining frames were provided at both 








at the inlet to both stations At Tower A, the pipe wa 
restrained by means of two outriggers projecting 10 ft 
from the center of the towe1 The outriggers were dé 
ae 
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Fig. 4—Hanger for outdoor piping 
signed to transfer the moment of restraint to the tower 
by means of rollers which at the same time guide th« 
pipe into the expansion joint. At Tower B, restraint 


was provided by special bents at the east and west face 
of the tower and longitudinal anchorage at the 


center 


the tower. Because of the small amount of expans 
from the anchor to these bents, sliding guides were con 
sidered adequate for directing the pipe without binding 


At the Hudson Ave. 
equipped with roller guides offers the necessary 


outlet, a cantilever § structure 
reaiet 


ance and restraint to wind forces and prevents commu 
nication of vibration to the indoor piping 


Erection of the Piping 


The outdoor piping erected from timber bents 


which carried a continuous working platform for th 


was 
entire distance between the two stations. The advantag: 
of this work 
progressed and justified the extra cost of the temp 
rary false work 


erection method became evident as the 


It permitted erecting the greatest part 
of the piping independently of the tower foundations 
It facili 


tated welding, stress relieving and insulating work, 


the supporting steel and the suspension cables 
and 
expedited all operations through the ease of communica 
tion between the various trade units and the supervisory 
forces. 

[Concluded on p. 239] 





Gas Fired Dehumidifier 





Used for Smoking Fish 


Hk Mutual Smoked Fish Co., Paterson, N. J., 

does about $400,000 worth of business a year 

smoking all manner of fish for New Jersey and 
metropolitan New York retail outlets. Its seven smoke- 
houses handle 30,000 Ib of fish per week, a considerable 
part of it being mild-cured salmon that is smoked 
in a new type of smokehouse in which dehumidified air 
from a gas fired dehumidifying unit does the drying. 
The only fire in the smokehouse is that required to keep 
a few oak logs smouldering and giving off the flavoring 
smoke. 

‘The biggest danger in this business,” 
tual’s chief smoker, “is the 
fish. If a smokehouse gets too hot the fish get mushy, 
bad looking, and fragile. When the 
with dehumidified air which is never allowed to exceed 


comments Mu 


‘burning’ or ‘overcot ‘king’ of 


drying is done 


90 F in temperature, the likelihood of overcooking is 
reduced.” 
The installation was made last July. The smoke- 


louse measures 25 by 25 ft in floor area, 20 ft high, 
and has a volume of 12,500 cu ft. It is supplied with 
1300 cfm of fresh, dried air at 40 to 45 per cent relative 
humidity and 80 to 90 F dry bulb. 
a silica gel dehumidifying unit fired with city gas. 
Operation is continuous and control is automatic. The 


The air comes from 


gas burners of the unit use 275 cfh of 525 Btu per 
cu ft gas. There is a connected load of 2 kw for operat- 
ing the blower and other devices which are part of the 
unit. After the air is dried it is generally considerably 
(usually 150 F) than the 80 to 90 F 
it is passed through a finned cooling coil 
at 45 to 60 F. 


warmer required. 
Therefore, 


carrving water 


A. Block, president of the Mutual Smoked Fish Co., racks choice 
chubbs—smoked in one of his seven gas fired smokehouses 


., 2 ela he 
af iu fl 
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matT (Nn 


ay ade. | tit it} 
Tt UG of rir 


bingy | NYO 





For humidity control, a humidistat is situated in 
a duct through which a small sample of air from 
smokehouse itself is continually drawn, Should 
humidity tend to rise above 45 per cent, the humid 
acts to make the blower pull more air through the s 
gel beds and less air direct from the outside. \ 
the smokehouse atmosphere approaches 40 per cent, 
humidistat acts in the opposite direction to cause 





A new method of smoking mild-cured salmon, utilizing 
dehumidified air supplied by a gas fired silica gel unit 
is employed by the Mutual Smoked Fish Co. of Pate: 
ae ee Use of dehumidified air instead o| 
charcoal fires is said to have a number of advantay: 
in reducing cost and improving quality of the product 
The system is described here by Harry W. Smith, J: 





air to flow through the gel beds and more air 
drawn direct from outside. 

The smokehouse is a brick walled room wit 
lated roof. All windows are painted to exclude 
heat. The drying air, controlled as to moisture 
temperature, comes in sheet metal duct work wl 
runs horizontally along one wall about 5 ft from 
floor and enters the room through three registers 
damper control regulates the flow. Circulation in 


Lan il 


smokehouse is achieved mainly by a propeller type ci: 
lator fan about 6 ft above the inlet registers, altho 
desk fans are used at times in various spots throug! 
the smokehouse to keep the air moving correctly in 
cordance with the distribution of fish loaded into 
chamber. The exhaust opening from the room is at 

top, 20 ft up, in the same wall on which the inlet regist 
are situated. 

An interesting feature of the installation is that 
dehumidifying unit and cooler are in a sheet metal pe: 
house on the roof of the plant, and thus take no pla 
floor space. Such a convenient set-up is 
because the unit requires little or no attention. It n 
only be turned on when the fish are loaded in the sn 
and the flow of dry air is needed, and turned 


possible 


house 
when the 
matic and this is the reason for a large 
that can be attributed to the method. 
cost of laying and lighting smokehouse fires, constat 
checking smokehouse temperatures and adjusting 
inputs accordingly, and in cleaning up when the 
Block, president of the company, su 
“Faster drying w 
] 


job is done. Otherwise its operation is au 
part of the sav 


It eliminate 


f 


is complete. A. 
marizes the advantages as follows: 
consequent increased capacity, greater convenience, 
quality of fish, greater uniformity of 
trouble, and lower cost.” 
The smokehouse is used four times per week, 
time with a load of 300 to 400 sides of salmon (8 t 
Previously it took 10 hr to smoke 


product 


ll per side) 


load—today, with the dry air system, it takes 6 to 8 


*Industrial Gas Section, American Gas Association 
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Performance of Coils 


or Dehumidifying Air 


By William Goodman* 


HE appendices for this series of articles on performance Substituting [10] mt und rearranging t 
of coils for dehumidifying air are continued this month, dil ¥ 4 Ge 
and will be concluded in May. In this series, the author 
s developed new and simple formulas for computing the final h— he G 
and wet bulb temperatures of the air leaving a coil. Particu guation 11 can now be integrated li 
larly noteworthy is the fact that the final wet bulb depression of : 
d ; ily “ “ 
the air has been shown to depend upon the initial wet bulb depres ; 
sion of the air for both direct expansion and counterflow coils } hy ( G 
This makes computation of the final dry bulb temperature the 2eferring to Fig. 9 
rk of a moment Tue Eprror : 
a iw 
Appendix 8 Log 
Derivation of Equation 1 for Counterflow Coils 
, l-quation j e text t e tt 
He = AwUudu : 
Equation 7 of Appendix 2 is wl 
dHw ; 
UwdAw [1] ad 
h — he But 
In Appendix 2 because /iz is constant for direct expansion le =G ( 
coils, the preceding equation leads directly to an integrable form and 
For counterflow coils, however, jx is a variable because fr, th I h 
temperature of the refrigerant, varies throughout the coil. Hence = 
. . . - . iv iw 
this variation in fe must be considered before [1] can be in \] 
iS 
tegrated. Now , ; Cre U1 , ' 
= . ‘7 {#7 il y, { i] 
dH» Gdh ene ee Seecee . [2] 
1 = x 7 ‘ i : 7 Inasmuch as the enthalp 1 saturate i aeper m 
Also, inasmuch as the heat lost by the air is transferred to the 
. its pet obviousl 
retrigerant, temperature, \ i 
dH. G'c'dty _ 3] 1 . } 
. . . , . , (Hy tne) fy fy 
(The negative sign is used in the preceding equation because the a 
temperature of the water falls as the surface increases from left Substituting [17] into [16 
to right in Fig. 9.) G'e’ 
As is evident from the discussions in Appendices 3 and 4, a h L\ (les 
represents the change in the enthalpy of saturated air per degre a 
change in temperature. Hence, Ca hy hy 
dl R adtr +] 
dhr 4 h 
s 4 , 
dtr [5] CG hy 
a 1 
«7 >) 
Substitute [5] into [3], Gre’ ae 
Gc’ Multiplying [20] by [15 learing ca 
i} i}, iG 
dH» aity if ’ Ga 1 
a ’ 
ro 9] } ' ‘ 
From [2], G Gr" Hw 
dH. 1 
dh i { d ds 
. u Hw 
From [6], Substituting [22] into [13], 
‘ a di 1wl “ 
dhy dH» S Log 
Ut Is Hr 
Subtracting [8] from |7], and rearranging terms, 
dh dhy iW ; = 
dH. ; . - . J 
l a lo 
(y ( 4 ‘ 
: : ; Let 
] / } 
at ir Os 
[10 dy 
l Ga 
l - 
(y G' : 4 
Pheretore 
Tran ( Member of Board of Consulting and Contributing 
hditurs liw iw! wdy f 
Part 6. Part 1 was published in November, 1938, pp. 697-701 and 707 ; : 
Part 2 in December, 1935, pp. 777-781; Part 3 in January, 1939, pp. 13-19 Chis is | guation | of the text ] : ame equat 
Part 4 Februsz 1939. pp. 83-86; and Part 5 in March, pp. 157-160 . 
co he : ; _ = oF derived by using Fig. 11 instead of Fig. 9 


Copyright, 1939, by William Goodman. 
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Appendix 9 


Derivation of Equation 23 


G (hy hy: ) 





Hy 
(y 
1+ 
Awl wl 
Gra | Ga 
lor <1 (Refer to Fig. 9) | For > 1 (Refer to big. 11) 
(y Cc Ge’ 
‘rom Equation 1 of the text, Hy 
F Hv du [ta] 
om {1} | Awl» 
lwl Ww 
dhe Hy | du Hw - 
[2] ; [2a] 
< Aatlad at Awl wd 
Let Let 
dx ds 
} [3}} F= [3a | 
ds | di 
Hy Hw 
j [4]; / | 4a] 
lwlwds Awl wd: 
Hw Hw 
ds ; [5] di , [5a] 
AwUwk | lwUwk 
Referring to Fig. 9, Referring to Fig. 11,* 
ds h Irie [6] dy he hr: | 6a | 
Hy Hv 
IR [7] h hie [7a] 
Awl wk Awl wl 


*Note: di and ds were interchanged in error on Fig. 11 
From here on the derivation for both cases is identical. It is 
only necessary to bear in mind the fact that the value of F is 
different for the two cases 
Hw G (h ts) [8] 
Ilw 
} lh 19] 
ty 
Substitute [9] into [7], and solving for //w, 


G (h, his) 
Hy 


This is Equation 23 of the text 


Appendix 10 


Derivation of Equation 8 for Countertlow Coils 
| 


Iquation 5 of Appendix 5 is 
1 t—tr 1 dils B 
fo ah lpn = he [1] 
Uw h— he fe dl» Tr 


In the case of counterflow coils, Ax and fe are variables be 
cause the temperature of the refrigerant changes as it flows 
through the coil. This variation must be considered in casting 


[1] into an integrable form. 


dlls Gedt ire [2] 
dHs 

at | ] 
Ge 

dH G'c’dtn [4] 


dH yw 
dtr ~~ e. eee : eves . [5] 


we 
tr ¢ 


Subtract [5] from [3], 
dlis dlly 


dt — dtr = 4 
Gc ty ¢ 
dit tr) 1 dlls l 
dHy (ri dH» G’c’ 
dHs (re d (Ff fn) 
(ri 
dHy G’c’ dH 
Substitute [8] into [1], 
1 t tr l Gi Ge dt fx) R 
wih- hy Is G’c’ Te dH, fi 
But [10] of Appendix 8 is 
d th hy) 
dH» 
1 Ga 
l 
G G’c’ 
Substitute [10] into [9] and rearrange terms, 
Bf 6 
dlt-te) _ 6 ct * Be. 








eee 
dh -he) Un [2 ~ $B] (A-hy)| ' Tie 


rhis is a linear difterential equation ot the torn 


Phe solution of [11]* is 





, ) — 2 
af ie ma f c4, f oe) 
a(t; —te, (hz —-he) _ |4, — has | m [2- £) 
a(t, —tez) —_ (4, —hez) [Az — Ae | 
rom Equation 12 of Appendix 8, 
2 An U P 
h, — he fafa [2--$9-] 
hehe, © 
— ee - —f,An. 
[A — Re CUe [1 - Se] ‘ — 
| < oes =e = — 
geag 3 . 
(By Equation 11 of the text, fe Aw 
Substituting [14] into [12] 
a(t fr) (h hn, ) 
M 
att fr } (hy hie, 
Inasmuch as the enthalpy of an air-vapor mixture 


nearly constant for any given wet bulb temperaturs 


h hw: a(t’ tn: ) 
h hy a(t’; te: ) 
Substituting [16] and [17] into [15], 


, 


; ¢ 


am rearranginy 


»M 
Y 
” 


Substituting [18] and [19] of Appendix 
dD 
M 
‘ 


j 
i 


This is Equation 8 of the text 


Appendix 1i 


Derivation of Equation 


(1+ R)D"” + NDp»p 


De 
R+N 
*In solving Equation 11, the left-hand tet i the « t 
ccurs, By substituting Equatien 3 of the text for Uw in the de 
of the left-hand term, it can be reduced to the simple ter n th 
hand side 
Bf 


| | 
Dk lie eed, 
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Che subscript we he 


1=a numerical coefficient. See Table 1 
external area of dry surface, sq ft 
total external area of coil surtace, sq ft 
external area of wetted surface, sq ft 
ratio of external to internal surface area of coi 
humid specific heat of air (average « 0.243) 
specific heat of refrigerant 
large enthalpy (total heat) difference, Btu 
mean enthalpy (total heat) difference, Btu 
small enthalpy (total heat) difference, Btu 


wet bulb depression of the air, deg Fahr, 


ro fn, or f tne. 
fy fy I " r 
ip 
large temperature difference, deg Fah 


mean temperature difference, deg Fah 

small temperature difference, deg lahr 

coefficient of heat transfer through air film, Btu 
per hr per sq ft per degree of temperature diffe: 
ence 

coefiicient of heat transfer through refrigerant filn 
Btu per hr per sq ft per degree of temperatur: 


difference 


ht ; iT lh per hr 


weight of air, Ib { 
weight of refrigerant, lb per hi 

enthalpy (total heat) of humid air, Btu per Ib 
dry a 


enthalpy (total heat) of saturated air at a tem 
perature equal to the refrigerant temperature, Btu 
per Ib of dry air 
enthalpy (total heat of saturated air at a tem 
perature equal to the surface temperature, Btu pet 
lb of dry air 
total heat transferred through dry surface of coil, 
Btu per hi 
sensible heat lost by the air flowing past the wetted 
surface, Btu per hi 
total heat lost by the air flowing past the wetted 
surtace, Btu per hr. 
a numerical factor. See Equations 7, 11, and 24 

; Bf, 

R 

Uc’ Tr 
dry bulb temperature, deg Fahr. 
wet bulb temperature, deg Fahr. 
dew point temperature, deg Fahr 
boundary dry bulb temperature, deg Fah: 
boundary wet bulb temperature, deg Fahr. 
refrigerant temperature, deg Fah 
temperature of the refrigerant at the boundary, deg 
Fahr, 
surface temperature of coil, deg Fah 
over-all coefficient of heat transfer through dry 
surface of coil, Btu per hr per sq ft per degree of 
temperature difference 
over-all coefficient of heat transfer through wetted 
surface of coil, Btu per hr per sq ft per Btu of 
enthalpy difference 
air velocity over face area of coil, fpm. 
water velocity through tubes of coil, fps 
angle in Fig. 4. 
refers to the initial condition of the 
or refrigerant entering the coil. The subscript “2” 
rs to the final condition of the air or refrigerant 
ing the coil. All logarithms in formulas are to the 
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be represented on the psychrometric chart by a straight line con- 
necting the initial condition of the air with the constant surface 


temperature—in this case, the refrigerant temperature 


Appendix 14 


Condition Curve when Aw Is Infinite 
Direct Expansion Coils 
When Aw is infinite, Equation 10 of 


» 


\ppendix 2 reduces to 

he = he . a wietged ' Pee i 

The final wet bulb temperature of the air is equal to the constant 
refrigerant temperature. 

To find the final dry bulb temperature of the air leaving an 


infimite surface, Equation 17 of Appendix 5 must be used. When 
lw is infinite this equation reduces to 
Se fee ‘vena 


The final dry bulb temperature of the air is also equal to the 
constant refrigerant temperature. Hence the air will always be 
cooled to saturation by an infinite surface. This does not neces- 
sarily mean that an infinite surface is required to cool air to 
saturation, but only that an infinite surface will always cool air 
to saturation. 

Counterflow Coils (Ga/G' 


For this condition, when . 


’ less than one) 
fw is infinite, Equation 12 of Appen- 
dix 8 reduces to 


he = hr, jae 2 . . [3] 










The final wet bulb temperature of the air will be equal t & 
initial refrigerant temperature. #4 





For this condition, when Aw is infinite, Equation 8 of th 


eee my 


reduces to 


i: =f 


Therefore, the final dry bulb temperature of the air 





equal to the initial temperature of the refrigerant. Hen 
air will always be cooled to saturation by an infinite surfa 
Counterflow Coils (Ga/G'c’ greater than one) 

For this condition, when Ay is infinite, Equation 12 of Ap 

8 reduces to 
h, = he: 

In other words, in this case the final temperature of the 
erant will be equal to the initial wet bulb temperature of 1 
To find the final wet bulb temperature of the air leavi 
infinite surface, Equation 31 of the text must be used 

For this condition, when Aw is infinite, Equation 8 of 
reduces to 


, 


t. t 
In this case also, the final dry bulb temperaure of th 
equal to the final wet bulb temperature, and the air is the 


saturated 
| To be concluded | 





Air Conditioning Eliminates Afternoon Fatigue 


With a complete heating and cooling season now be- 
hind them, officials of the Commercial Travelers Mutual 
Accident Association of America report that the usual 
afternoon fatigue experienced by employees in_ their 
building at Utica, N. Y., has practically been eliminated. 
“From that one item alone we feel that our year ‘round 
air conditioning system has justified itself,” declares Ed 
ward Trevvett, assistant secretary-treasurer. 

In 1936 Commercial Travelers decided to remodel 
their office building in Utica and construct a large addi- 
Plans were drawn by Gauge 


tion on the adjoining lot. 
R. Acheson, consulting 


and Ames, architects, and A. 
engineer, planned and issued specifications for air con- 
ditioning which was installed by Hudson Air Condition- 
ing Corp. 

Because of the characteristics of the building, and the 
changing solar and wind effects on various parts of it, 
the system was zoned to ‘maintain even temperatures 
throughout winter and summer. The building was di- 
vided into five separate year ‘round conditioning zones 
and one straight winter conditioning zone, with direct 
radiation used at such points as entries and lavatories. 

A vault presented a difficult problem because no open- 
ings were permitted into it through which ducts could 
The vault consists of two floors, the first one 
In order to circulate conditioned air 


be run. 
in the basement. 
through it, air was discharged in a closed hallway into 
which the basement vault door opens. A _ brick duct 
was constructed at the rear corner of the vault, with 
two openings in the basement room, and an opening at 
the ceiling of the second floor room to accommodate a 
12 in. fan. With this arrangement, and the vault doors 
left open during working hours, it is possible to circu- 
late conditioned air through the basement vault, up the 
duct into the room above, and out into air conditioned 
space. Because of the small load involved, a small con- 
ditioner was used, with fans mounted on the inside and 
driven by a 1 hp motor. K. G. Patrick.* 


*General Electric Co 
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Properties of Air-Vapor Mixtures 


Interpolated to Tenths of a Degree 
By William Goodman* 


HE tables on the next three pages are conclu 

from the ones published in January, February 
March; with the January table appeared a brief expla 
tion of them. 

The values in Columns 3 and 4 are extremely us: 
for quickly finding the actual enthalpy (total heat 
an air-vapor mixture if its dry bulb and dew point te: 
peratures are known. A complete discussion was giver 
in the January, 1938, HPAC* of the method of usi1 
the actual enthalpy of the air for accurate computati 
as against the approximate methods commonly us 
Although the error is generally not large, there are tir 
when accurate computations using the actual enthaly 
should be used. In such cases the equation below, whi 
was developed in the earlier article, offers the quickest 
means of finding the actual enthalpy if the dry bulb a: 
dew point temperatures are known. 

h= st + 1061w 
where h = actual enthalpy of the mixture, Btu per Ib of di 
t = dry bulb temperature of the air. 

Values of s”, the humid specific heat of air correspor 
ing to any given dew point temperature, are tabulat: 
in Column 3. Values of 106lw corresponding to 
dew point temperatures are tabulated in Column 4. 

Example: Find the actual enthalpy of a quantity of ait 
dry bulb temperature is 90.5 deg and its dew point temperat 
65.3 deg. 

Solution: Referring to the table, for a dew point tempe! 
of 65.3 deg, s” = 0.2460, and 1061w = 14.19. 

hs” t+ 1061w 
= 0.246 X 90.5 + 14.19 
= 36.45 Btu per Ib of dry air, actual enthal; 


*The Trane Co. Member of Board of Consulting and ( 
i-ditors 

Copyright, 1939, by William Goodman 

“New Tables of the Psychrometric Properties of Air-Vapor Mixt 
Heatinc, Piping anno Atr CONDITIONING, oomars. 1938, pp. 1-7. 
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Absolute Humidity and Enthalpy of Mixtures of Air and Saturated Water Vapor 


Interpolated to Tenths of a Degre: 
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Wells— 


ten used in connection with quality, which is not accu 
rate as some artesian waters are not fit to use lor any 
purpose 

\s a rule waters from shallow or deep wells above 
the rock formations are softer than waters trom deep 


ock wells drilled into the rock formations Upper 


waters stand more chance of being contaminated than 


deep waters, while deep waters are generally mor 


highly mineralized than upper waters 


The temperature of ground water at the surface is 


usually within 2 deg higher or lower than 56 F and 
eae oh] 1 dee for ever 150 ft 1 depth: this 
ncreases rougniy aeg lor every . It in depth; thi 
is approximately correct for most of the country. It can 
be more definitely stated as follows: the ground water 
temperature at the surface is about the same as the aver 


age daily temperature of the preceding year 
Reclaiming Failed Wells 


Engineers should take with a pinch of salt statements 


ide concerning restoration or reclamation of failed 


wells. Various methods are used to do this, such as 
hack blowing with air, gas, steam, water or dry ice. 
Where the screens are of material that will stand acid 
treatment, this seems to be the most promising and 
good results have been had in many cases. Some pres 
sure methods such as surging and excessive pumping 
ive been helpful, but all well work of this kind depends 
largely on the skill and experience of the well man and 
results vary accordingly. 

Scientific well building is an art requiring a good 
working knowledge of geology, hydraulics, and chemistry 
oupled with a high degree of mechanical skill. Not all 
well drillers have these qualifications but a large num 


er of them do 
on their technical problems. The whole trade interested 


or at least know where to get advice 


ground water development is constantly seeking new 
ethods of construction and better materials which will 


make for better wells. 
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Steam Tie Line— 





|Concluded from p. 231 

The steam pipe was lifted in 30 ft sections, set 
exact elevation, and welded in place At the le 
of all pipe joints, the hangers were installed and a 
justed to calculated dimensions, following a_ predeter- 
mined sequence which intended and actually accor 
lished a gradual transfer of the pipe load to the cabl 
vithout producing unbalanced cable force he 
of the towers. 

Insulation 

In selecting thie msulation t] ule »! ‘ 
sideration was given to structural. strength of the 
rial, adaptalility to weatherproofing, abi é 
insulating efficiency after accidental wetting ( 
economy in cost of material, application and maintena 
\ sponge telted insulation, construct ( 
asbestos fibers and spongy cellular mat é 
integral with a weat! erprooted jacket of three ply asphalt 
inpregnated felt was selected Erection i Ve 
possible becaust could be obtained u ce 
with integral weatherproofing in the 24 in. siz \ 
weatherprooting the laps on the jacket wit aspl 
cement, the imsulation was tastened in place wit! 
vanized iron bands, drawn tight and clinched in pla 

The same maternal was chosen for the conde 
return line for the further reason that the sponge fe 
being fabricated of rolled laminations, could be bu 
the exact circumterence required to encase bot t hie 
condensate line and the 1 in. steam lhe 

ice l to it 

Knowledge of All Conditions Essential 

\\ 1) Gerber, engineet of the Illinois State Wate 

Survey, pointed out in his paper on air conditioning 


water supply and disposal at the conterence at the Um 


—_ Lf 


versity of Illinois last month that cities definitely have 


authority to prohibit disposal of waste water into sai 


lle cited the case of a theater which drove 


a well to supply water for air conditioning, installed the 


lary sewers. 


necessary equipment, and then discovered that there 
water as the citv engineet 


] 
f 


no place to get rid of the 


would not pernut putting if into i Sanitary sewe! 


Chere was, however, a storm sewer two blocks away 
and the theater solved the problem by installing its ow: 
pipe line to the storm sewer. Mr. Gerber used the case 
to stress the importance of determining beforehand not 
only the method of water supply, but the metho 


water disposal 
Return Well Clogged 
a return well was dug for the purpost 


In another case, 


of disposing of waste water. This example, too, showe: 


; I] ¢. 


the importance of a thorough knowledge of all factors 
involved as after the return well was put in use, it was 
found that iron in the water oxidized to form a jelly 


like substance which clogged up the well in 30 days 








ater Spray Ring Reduces Fly Ash | 


By Edward E. James* 


METHOD of combating fly ash which has been 
in use for about three years at the Cincinnati 
General Hospital has reduced complaints ap- 
proximately 95 per cent. The device is a water spray 
ring installed in the chimney as shown in the diagram. 

The chimney is 250 ft high with an 8 ft top and a 
12 ft bottom inside diameter. When this stack was 
erected the boilers were equipped with V-type furnaces 
with dutch ovens and, operated with natural draft. La- 
ter, the furnaces were remodeled and underfeed stokers 
with forced draft were installed, and the high stack draft 
caused complaints from the neighborhood about fly ash 

After some experimenting the mechanical department 
constructed what is called a water spray ring. Three 
lengths of 3/4 in. brass pipe were bent into a circle, 
using the 12 ft flywheel of an engine as a guide. Three- 


sixty-fourth in. holes 1 in. apart were then drilled a 


*Chief Engineer, Cincinnati General Hospital. 





When fly ash from the chimney of the Cincinnati 
General Hospital caused complaints from the neigh- 
bors, the mechanical department devised the water 
ring described here to combat the nuisance. 
‘amen It has been in use for about three years, and 
has practically eliminated all of these complaints 


spray 
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little off center on the inside of the ring so the sp: 
would be downward and to the center of the ring. 

When the drilling of the holes was completed, t 
ring was erected temporarily in the boiler room aly 
15 ft above the floor. Tests were made, and when 
had the spray meeting in the center of the ring we mark: 
each joint; after dismantling the ring and assembli: 
it in the chimney care was taken to have all joints 
they were when we had it connected up temporarily. 

The three pieces of pipe were placed inside the ba 
of the chimney and connected with unions; a 34x34x! 
in. brass tee was placed in the ring for the water supy 
connection. 

The erection was made with some difficulty as 
flue gas currents made work almost impossible. T! 
difficulty was overcome by placing electric fans on the 
chimney floor and blowing the flue gases upward ; 
men also covered their mouths and noses with cloths 
The ring was raised 5 ft and attached with U-bolts t 
1% in. angle iron 5 ft long, this process continuing unti! 
the ring was 4 ft above the top of the breeching. Onl; 
three angle iron supports were used, these being place 
at equal distance around the ring. Each time we rais¢ 
the ring 10 ft we connected a 10 ft length of 1% u 


brass pipe to the ring. 

When the installation was completed and tried out 
several inches of water was left standing in the botto: 
of the chimney. We then poured a concave concret: 
floor sloping to the door where we had installed a 4 in 
drain line running to a settling tank in the boiler roon 
This tank has an overflow to the sewer, allowing th: 
water to flow away and the fly ash to remain in tly 
tank, which is cleaned out each time the spray is used 
The condition in our plant made the installation ideal 
as the chimney floor is 7 ft above the boiler room floor 

To prevent the small holes in the ring from scalin, 
and possibly stopping up, we use water from our zeolit 
softener. The plant operates 24 hours a day, three 8 
hr watches, and each watch blows the boiler tubes onc: 
The water is turned on the spray just before the firemar 
starts to blow the boiler tubes and is turned off a short 
time after he has finished blowing the tubes. 

About four bushels of fly ash is collected each ti 
the tubes are blown. The spray ring has been in opera 
tion about three years and our complaints have bee: 
reduced about 95 per cent, as the chimney emits pra 
tically no solids when the men are blowing the tubes 





Oxygen is produced commercially by the liquid 
process which involves temperatures as low as 310 deg 
Acetylene is derived from calcium carbid 
Burning togeth 


below zero. 
itself formed in the electric furnace. 
these gases produce a flame which can unite or sey 
metals with equal ease by oxy-acetylene welding or cu 


ting. 


Heatinc, Preinc anp Ai Conprrioninc, Aprit, 1959 
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After a careful investigation and report by the Publication Committee on the wide range of sub- 
jects which are offered to the Society for discussion and publication, the Council has concluded that 
a revision of publication policy is advisable to meet the expanding interests of the membership, so 
that a wider selection of subjects may be presented, and a more concise presentation of reports can 
be made. 


The 12 fundamental characteristics established for acceptable types of papers remain unchanged. 
The branches of the art of heating, ventilating and air conditioning, as revealed by research, have been 
enlarged and new rules governing the preparation and presentation of data have been prepared. Mem- 
bers are invited to present any original work dealing with the art of heating, ventilating and air con- 
ditioning, new technique, or unique treatment of mathematical problems, designs, operations, etc., for 
the enlightenment of their fellow members. 


Papers for original publication in the monthly JourNat, and presentation at meetings, will be 
acceptable when the text and illustrations do not exceed the equivalent of 5000 words. Where it is 
desirable to present detailed tables, charts or other data for the scientist or student, or where funda- 
mental research investigations make it essential to have detailed readings for histerical reference, these 
may be presented as an appendix for publication in the Transactions. 


During the institution of these changes in practice, it will be most helpful to have the full coop- 
eration of the authors of papers. 
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Staples, C. Tasker*, G. B. Watkins, F. C. 


Parkinson, 
wood, J. we 
Weinert. 

Sound Control: J. S 


G. F. Drake, A. M. 


Parkinson, Chairman: C. M. Ashley. 
Greene, Jr., A. L. Kimball, V. O 
Knudsen, R. F. Norris, C. H. Randolph, J. P. Reis, W. P 
Roop, A. E. Stacey, Jr.*, G. T. Stanton, F. R. Watsor 

Cooling Towers, Evaporative C and Spra 
Ponds: B. M. Woods*, Chairman; J. C. Albright, S. ¢ 
Coey, E. R. Goodrich, E. H. Hyde, E. H. Kendall, S. R 


naensers 


Lewis, J. F. Park, E. H. Taz 

Psychrometry: F. R. Bichowsky, Chairman; D. B. Brooks 

C. A. Bulkeley, H. C. Dickinson, A. W. Gauger, J. A. Goff, 

A. M. Greene, Jr., L. P. Harrison, F. G. Keyes, D. M 

Little, D. W. Nelson, W. M. Sawdon 

Corrosion: A. R. Mumford, Chairman; H. E. Adams* 

J. F. Barkley, W. H. Driscoll, T. J. Finnegan, W. Z 

Friend, R. R. Seeber, F. N. Speller, A. E. Staeey, Jr.’ 
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ATLANTA: Organtzed, 1937. Headquarters, Atlanta, Ga. 
Meets, First Tuesday. President, C. L. Tempiin, 348 Peachtree 
St. N. E. Secretary, T. T. Tucker, 260 Peachtree St., N. W. 


CINCINNATI: Organized, 1932. Headquarters, Cincinnati, 
O. Meets, Second Tuesday in Month. President, O. W. Motz, 
2524 Moundview Dr., Norwood, O. Secretary, R. E. Kramie, 
Jr., 222 East 14th St. 


GOLDEN GATE: Organized, 1937. Headquarters, San Fran- 
cisco, Calif. Meets, First Tuesday. President, G. M. SIMoONSON, 
74 New Montgomery St., San Francisco, Calif. Secretary, G. J. 
CuMMINGS, 113 Tenth St., Oakland, Calif. 


ILLINOIS: Organized, 1906. Headquarters, Chicago, Ill. 
Meets, Second Monday. President, J. R. Vernon, 1355 Wash- 
ington Blvd. Secretary, M. W. BisHop, 228 N. La Salle St. 


IOWA-NEBRASKA: Organized, 1937. Headquarters, 
Omaha, Neb. Meets, Second Tuesday in Month. President, 
W. R. Wuire, 4339 Larimore Ave., Omaha, Neb. Secretary, 
Henry KLEINKAUF, 1726 St. Mary’s Ave., Omaha, Neb. 


KANSAS CITY: Organized, 1917. Headquarters, Kansas 
City, Mo. Meets, Second Monday in Month. President, A. L. 
MAILLARD, 3740 Washington St. Secretary, C. A. FLARSHEIM, 
P. O. Box 56. 


MANITOBA: Organised, 1935. Headquarters, Winnipeg, 
Man. Meets, Fourth Thursday. President, WiLttam Worton, 
508 Scott Bldg. Secretary, E. J. Arcue, Ste. 11, Estelle Apts. 


MASSACHUSETTS: Organized, 1912. Headquarters, Bos- 
ton, Mass. Meets, Third Tuesday in Month. President, James 
Hott, Massachusetts Institute of Technology, Cambridge, Mass. 
Secretary, H. C. Moore, 69 Massachusetts Ave., Cambridge, 


Mass. 


MICHIGAN: Organized, 1916. Headquarters, Detroit, Mich. 
Meets, First Monday after the 10th of the Month. President, 
F. J. Linsenmeyer, University of Detroit. Secretary, G. H. 
Turtie, 2000 Second Ave. 


WESTERN MICHIGAN: Organized, 1931. Headquarters, 
Grand Rapids, Mich. Meets, Second Monday in Month. Presi- 
dent, C. R. McConner, 1904 Waite Ave., Kalamazoo, Mich. 
Secretary, W. G. ScuuicutincG, 1417 W. Lovell St., Kalamazoo, 


Mich. 


MINNESOTA: Organised, 1918. Headquarters, Minneapolis, 
Minn. Meets, Second Monday in Month. President, J. E. Swen- 
son, 800 Hennepin Ave., Minneapolis, Minn. Secretary, M. H. 
Bjerken, 4952-17th Ave., S., Minneapolis, Minn. 


MONTREAL: Organized, 1936. Headquarters, Montreal, 
Que. Meets, Third Monday. President, F. J. FRrepMAN, 1221 
Osborne St. Secretary, C. W. Jounson, 630 Dorchester St., W. 


NEW YORK: Organized, 1911. Headquarters, New York, 
N. Y. Meets, Third Monday in month. President, H. G. Menke, 
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Rm. 1500, 4 Irving Pl., New York, N. Y. Secretary, T 
REYNOLDS, 100 Pinecrest Dr., Hastings-on-Hudson, N. Y. 


WESTERN NEW YORK: Organised, 1919. Headquar 
Buffalo, N. Y. Meets, Second Monday in Month. Presid 
J. J. Landers, 701 Crosby Bldg. Secretary, W. R. Heath, 
Wingate Ave. 


NORTH CAROLINA: Organised, 1939. Headquart:+ 
Durham, N. C. President, R. B. Rice, University of North ( 
lina, Raleigh, N. C. Secretary, T. C. Cooke, 400 E. Peabouy 
St., Durham, N. C. 


NORTHERN OHIO: Organized, 1916. Headquarters, C! 
land, O. Meets, Second Monday in Month. President, | 
Jones, 448 Terminal Tower. Secretary, C. M. H. Kaenxc: 
3030 Euclid Ave. 


OKLAHOMA: Organised, 1935. Headquarters, Oklahoma 
City, Okla. Meets, Second Monday. President, E. W. Gray, 
Box 1498. Secretary, A. A. Hoppe, 1941 Northwest 17th St 


ONTARIO: Organized, 1922. Headquarters, Toronto, Ont 
Meets, First Monday in Month. President, H. B. Jenwney, 
Royce and Lansdowne Aves. Secretary, H. R. Roru, 57 Bloor 
St., W. 


PACIFIC NORTHWEST: Organized, 1928. Headquarters 
Seattle, Wash. Meets, Second Tuesday in Month. President 
C. W. May, 1201 Smith Tower. Secretary, R. D. Morse, 1534 
First Ave. S. 


PHILADELPHIA: Organised, 1916. Headquarters, Phila 
delphia, Pa. Meets, Second Thursday in Month. President 
H. H. Erickson, 1124 Spring Garden St. Secretary, H. H 
MarHer, 1000 Chestnut St. 


PITTSBURGH: Organized, 1919. Headquarters, Pittsburg! 
Pa. Meets, Second Monday in Month. President, R. A. Mite 
2200 Grant Bldg. Secretary, T. F. Rockwevi, Carnegie Inst. Tec! 


ST. LOUIS: Organised, 1918. Headquarters, St. Louis, Mo 
Meets, First Tuesday in Month. President, E. E. Cartson, 10! 
Louderman Bldg. Secretary, D. J. Facrn, 1017 Olive St. 


SOUTHERN CALIFORNIA: Organized, 1930. Headquarters 
Los Angeles, Calif. Meets, Second Tuesday in Month. President 
H. M. Henprickson, 5051 Santa Fe Ave. Secretary, A. J. Hes 
2616 West 70th St. 


NORTH TEXAS: Organized, 1938. Headquarters, Dallas 
Tex. Meets, Second Monday in Month. President, C. L. Kribs 
Jr., 4209 Shenandoah Ave., Dallas, Tex. Secretary, L. S. Gil 
bert, 1314 Liberty Bank Bldg., Dallas, Tex. 

SOUTH TEXAS: Organized, 1938. Headquarters, Colleg 
Station, Texas. President, R. F. Taylor, 911 Bankers Mort 
gage Bldg., Houston, Tex. Secretary, W. H. Badgett, Texas 


Engrg. Experiment Station, College Station, Tex. 


WASHINGTON, D. C.: Organized, 1935. Headquarters 
Washington, D. C. Meets, Second Wednesday in Month. Pres 
dent, S. P. Eacteton, 3522 “S” St., N. W. Secretary, E. V. Fin- 
ERAN, 411 Tenth St., N. W. 


WISCONSIN: Organized, 1922. Headquarters, Milwaukee, 
Wis. Meets, Third Monday in Month. President, D. W. N=- 
son, University of Wisconsin, Madison, Wis. Secretary, T. M 
Hucuey, 906 N. Fourth St. 
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Heat Transfer in Storage W ater Heaters 


’ By D. W. Nelson*® (MEMBER) and A. A. Rosenberg,** Madison, Wis. 


This paper is the result of research sponsored by 
the AMERICAN Society OF HEATING AND VENTILATING ENéI- 
NEERS in cooperation with the University of Wisconsin. 


HE purpose of these tests was to determine ca 
pacities and heat transfer coefficients in the com 
mon type of horizontal storage water heater. This 
type of heater usually consists of a horizontal storage 
tank with an immersed bundle of copper tubes placed 
horizontally near the bottom. Steam is supplied to the 
tubes, usually through a motorized valve controlled by 
an immersion thermostat which is inserted in the side 


Abi 


of the tank. In these particular tests, attention was 


eiven to the influence of water pressure on the heating 


capacity. 
Description of Apparatus 


\ photograph of the apparatus used in the test work 
s shown in Fig. 1, and by reference to the flow diagram 
in Fig. 2 a comprehensive conception of the setup of 
the apparatus can be obtained. The storage heater used 
in the tests was of the horizontal cylindrical type ot 
heavy welded construction, 30 in. in diameter and 60 in. 
long, having a storage capacity of 185 gal. The heating 
element consisted of three parallel vertical rows of U 
tubes bent to the proper radius, and rolled into a forged 
steel tube plate, with a center support provided for the 
elements. These elements consisted of 16-gage coppet 
tubing having an outside diameter of 1'4 in.; the outside 
area Of the tubes gave a heating surface of 10 sq ft, on 
the water side. For purposes of inspection and clean 





ing, the tank was equipped with a manhole cover at the 
rear and a drain at the bottom. Fig. 1—Photograph of test apparatus 
Che heater had two 2-in. tappings: one at the bottom 


ior the cold water inlet, and another on the top of the 
tank but located at the opposite end for the heated wate one side of the tank were located six thermometer well 
outlet. Valves were placed on both the inlet and outlet as shown in Fig. 2, these serving to indicat 
water piping to regulate the supply of water and also its temperatures in the tank were constant during a t 


pressure in the tank. A thermometer well was located \ satety valve was installed in the outlet piping in o1 
in the supply piping in order to obtain the temperature to prevent bursting of the tank, due to the expansiot 
| the inlet water. Two additional thermometer wells water, should heat be added while the valves wi 
were placed on the outlet pipe, one directly over the out closed. The heated water was conducted 
et tapping in the heater and the second about a foot ible piping to two large tanks of 150-gal capacity « 
wnstream. These served as a check on each othe where the water was alternately weighea 
n reading the temperature of the outlet water. torm scales 
lhe pressure in the tank was indicated by means of a [he steam available for the tests cam u 
¥ to 100 Ib per square inch test gage. The water uti 150-Ib per square inch pressure line direct { the | 
ized for the tests was taken from the customary Uni versity Heating Station, and was broug 
versity of Wisconsin water supply which comes from underground piping tunnel first through a 2'%-i1 
Lake Mendota. This water is used for supplying hot about 90 ft long and then through a 2-in. branch about 
water and for various needs other than for drinking, and 40 ft long. The fact that this high pressure stean 
as a hardness of about 10 grains per gallon. On generated largely from condensate from the Universit 
‘Accaiiats “PrdSensor “of Mechanical Ens —— | heating system means that it probably contained vet 
a nic gineering, niversity of W . 
I ieithes tis Mcinininiea Widnes igi With os little air. All of the steam piping up to the inlet to the 
Wise sin Sapte aes | , rma a heater was covered with 2-in pipe covering ()y i 
® Heating anp a, BH 88 ee count of the small pipe sizes there was an apprecable 
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Fig. 2—Diagrammatic sketch of test apparatus 


drop in steam pressure, the maximum pressure available 
during heater tests being about 100 Ib per square inch 
gage. 

It was very desirable that the steam entering the tubes 
in the heater be as nearly dry as possible, or even 
slightly superheated. Drips were placed at two loca- 
tions in the steam line before entering the heater. This 
was done to eliminate the possibility of any condensate 
being carried with the steam to the heating tubes. In 
order to dry and slightly superheat the steam, an ordi- 
nary gas burner was first used to heat the steam piping 
a short distance from the heater, as shown in Fig. 2. 
However, when this proved inadequate, after a number 
of tests, an improvised electric superheater was installed 
inside the 2-in. steam supply line. This consisted of 
nichrome wire supplied with electricity from a 220 AC 
source. 

The flow of steam to the heater was regulated by two 
hand valves; the first one in the line was a gate valve, 
and the second was a globe valve. The latter valve 
served to accomplish the necessary throttling to adjust 
the steam to the desired pressure. This pressure was 
measured by means of a 0 to 200 Ib per square inch 
steam gage; also, as a check, and to determine the super- 
heat, if any, the steam temperature was obtained by 
means of a mercury-in-glass thermometer. The quality 
or superheat of the steam was determined just before 
it entered the heater. At the calorimeter, shown in 
Fig. 2, the temperature was read by a mercury-in-glass 
thermometer, and the pressure by a mercury manometer. 

A receiver equipped with a gage glass was placed 
directly on the discharge connection from the heater. 
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was submerged 
running cold wate 
This precaution 
taken to prevent flashing of condensate into steam w 
discharged at atmospheric pressure. The condensat 
alternately weighed in two 50-gal tanks placed on p! 
form scales. 


Method of Testing 


The duration of a test under any one set of condi! 
was usually one hour. Before a test was started, 
two drips in the steam line were opened, permitting a 
condensed steam to be eliminated from the system bei 
reaching the heating elements. After connecting the ele 
tric superheater to its source of electricity and lighting 
the gas burners, the steam gate valve was fully open 
and the globe valve was partially opened to obtain 
desired steam pressure for a particular test. The th 
tling valve to the calorimeter was opened to give a rea 
ing on the manometer of about 1.5 in. of mercury. Wi! 
the aid of the globe valve located just before the out! 
of the condensate, the level of the condensate was n 
tained at a predetermined point in the gage g! 
throughout the test. 

After the heater had become warm, the water ink 
valve was opened, and the supply of water was regulat: 
to obtain the desired outlet temperature. Changing 
water supply would also change the steam flow and pres 
sure; so the two valves had to be operated simu! 
neously. Constancy of readings over a period of 15 mi 
at each of the six surface tank thermometers an 
the outlet water temperature served as the criterio 
the attainment of equilibrium. A water outlet tempera 
ture in the range of 140 to 160 F was chosen for al! t! 
tests. The best results were obtained if conditions 
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steam and water pressures, temperatures, and weights. sate before and after the trap, and the w 
ie two pressure gages and the four platform scales water and condensate In some of the te 
re properly calibrated and stem corrections were ap tity of water was of such magnitude as t 
ed to the thermometer readings. determination of water weights every 5 n 
\fter the desired equilibrium conditions had been ob eter for each run was also recorded 
ined, the run was started, and time was recorded by Three major series of tests were mac 
eans of a stop watch. Two observers usually con tank under atmospheric pressure (0 Ib px 
icted the tests, one weighing the water and the other gage), water at main pressure (0/ to /¢ 
ve condensate. Sometimes a third observer assisted in inch gage), and water at intermediat« pres 
taining the various temperature and pressure readings main and atmospheric pressures). In the 
nd in regulating valves. At intervals of 10 min through the steam pressure was varied from 10 
ut the hour of test, the following data were recorded: square inch gage, as shown in the sumn 
mperature of water inlet, temperature of water outlet in Tables 1, 2 and 3 In Figs. 3 to 7 
two points, temperature of steam at two points, tem show the results graphically, circles 
Table 1—Atmospheric Water Pressure Runs 
tN ‘ 2 | 2 | age | ae | 8 6° 7 8 9° 10 1° | 12° 13 4 
Stearn P } i j 
i! gaye 10 10 | 15 | @ |} 2O.1} 30 | 30 10.6 40 40 nf) 0) Th To 0 ) 
Quality Per Ce r Superheat deg | 25F | 36F | 32F j99 se] 11F | 17F 19F 2F SF }98.0 5 SPF |O8.7 19.0°. 99 8 19.0 
Saturati Steam Temperature 238 5/238 .5)248 5)257 8/258 1/273 4/273 5/285 7/286 2)286 3/297 3/297 2/306 9/306 9 > 71323 
f lensate Temperature, deg I 228 2/226 4/221 7/247 0/252 8/261 1/231 2/278 2/274 9/274 8/288 9/259 3/204 8/297 108 1/316 4 
Condensate Weight, pounds pe r 578 | 563 | 746 | 511 719 (1097 |1073 | 963 11105 | 823 [1474 |1339 [1276 [1110 |1777 74 
lotal Heat Supplied, 1000 Btu pe | | | | 
hour 565 | 554 | 738 | 485 | 684 |1041 [1053 | 895 |1031 | 751 |1360 [1275 (1155 |1005 |1605 |1220 
Water Temperature Outlet, deg F 147 9)160 4)158 8/131 7/138 .7|)147 2/142 7)146 .7|147 2/151 O}148 4/148 2/144 7/150 5148 7/153 
Water Temperature Inlet, deg F 42.0) 42 0) 42 0) 37.5) 41.9) 42.0} 40.0) 41.9) 43 0) 45 0} 43 0) 47 0} 43 0) 41.9) 41.0) 48 
Water Heated, 100 lb per hour 53.1) 46.7) 64 O| 51.3] 71.1) 99.11102 8) 85.1/100 9) 69 9/129 41125 5/113 7 1) 61140 OI117 
lotal Heat Absorbed, 1000 Btu | 
per hour OL 4 747 {83 OSS 1041 |1053 890 | 1050 741 1363 |1270 |1154 4 161 
Radiation and Unaccounted For 
1000 Btu per hour 3 0 9 2 4 0 0 19 10 ] 2 
Heating Capacity, gallons per hour | 
per square foot per 100 dew rise | 67.5) 66.5) 89 6) 57.9) 82.51125 01126 106 51124 0) SS 81163 152 13n x oO 148 ¢ 
Logarithmic Mean Temperature | 
Difference | 137 128 140 169 163 175 177 Is7 | 186 Ist 197 1” 210 20 lf } 
Overall Heat Transfer Coefficient, Btu | | i 
per hour per square foot per deg F 410 | 433 35 | 286 422 one 4 476 5 404 03 | 65! 0) i7s 74 ‘ 
Water Pressure, pounds per square | 
inch gage 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r 
Cleaned tubes 
Table 2—Intermediate Water Pressure Runs 
Test Number l | 2 3 4 5 6 7 s +n] 10 ll | 12 8) ; l 
Steam Pressure, p ds per juare inch gage; 10 20 | 20 | 2 40 ; 40 410 40 10 10 10 “oO oo | 80 x) 
Quality, Per Cent or Superheat, deg | 99.7 3F {99.6% 99.4% ,|98.8%,/99.2%/) 11F | 12F) 3i 10! SF |98-5°) |98.9°)/98,7°°/98 
Saturation Steam Temperature. deg F 238 9/258 1/258 1/258 2/286 &)286 2/286 2/286 2/286 .2)286 3/286 3/307 .1 |306 9/323 6/323 7 
Condensate Temperature, deg F 228 1/246 5/248 4/247 9/275 9/273 5)\278 9/277 .9)277 .7\280 5/278 7/295 0/296 91314 5)241 0}; 
Condensate Weight, pounds per hour } 311 350 | 348 344 | 454 427 (1017 | 946 | 808 | SOS | 678 | 583 537 | 953 502 
rotal Heat Supplied, 1000 Btu per hour 209 | 333 | 329 325 | 416 | 395 | 950 | 883 | 752 | 752 | 630 | 526 186 846 | STO 
Water Temperature Outlet, deg F 130 9/137 .1)148 .7|156 3/161 3/169 4/157 8/147 6/138 1/159 3/146 1/160 1/140 0/148 0/158 3 
Water Temperature Inlet, deg F 39 0] 39 0} 38 0] 37.0) 38.0) 38.0] 42.0) 42 0) 42.0) 41 0) 42.0) 38 0) 38 0) 41.9) 60.9 
Water Heated, 100 lb per hour 32.9} 32.8] 28 4] 26.1] 32.8] 29.3] 81.9} 83.2] 78.2) 61 9) 59.4) 42 9| 47.5] 81.8) 50.6 
rotal Heat Absorbed, 1000 Btu per hour 302 | 322 | 314 | 312 | 405 | 386 | 946 | 878 | 751 | 733 | 620 | 523 | 485 | 869 | 494 
Radiation and Unaccounted For, 1000 Btu | | | | 
per hour 3 11 15 | 13 li | 9 eGo eG 19 | 10 | ; l 23 4 
Heating Capacity, gallons per hour per | | | | | | 
square foot per 100 deg rise | 36 2) 38.5) 37 6 37.4) 48.5) 46 .2/113.5)105.2) 90 2) 87 9) 74.4) 62 7) 58 2/104 0) 59 2 
Logarithmic Mean Te mperature Difference 150 | 165 | 159 | 154 | 180 | 174 | 1S0 186 192 180 ISS 202 214 229 1 
Overall Heat Transfer Coefficient, Btu per | 
hour per square foot per deg F 202 195 198 202 225 222 526 72 v1 407 $30 | 2S 227 st} J 
Water Pressure, pounds per square inch gage| 25 25 25 45 25 46 5 Q 12 4 Oo | 2 to “ut 
Table 3—Main Water Pressure Runs 
lest Number 1 | 2 | 3 j t 7 ‘ ’ 10 
Steam Pressure, pounds per square 
inch gage 10.1 20 20 | 904! 40 40 60 60 “oO 4 a0 x0) SO 
Quality, Per Cent or Superheat, deg F | 98.9%] 99.7%] 98.6%) 98.7%) 98.2 97 .5%| 98.7%) 96.9 98 1%) 95 4 i ~ 
Saturation Steam Temperature, deg F.| 238.8 | 258.1 258 4 | 259 0 | 286.3 | 286.1 307 1 307 .1 307 2 ‘2 $23.7 23 7 
Condensate Temperature, deg F 230.9 | 250.6 | 247.5 | 251.9 | 262 3 | 274.0 | 290.9 | 295.3 | 295 0 s11 5 sil mm O 
Condensate Weight, pounds per hour 319 317 | 358 | 385 | 470 | 396 41 | 477 | 580 | 605 604 613 
otal Heat Supplied, 1000 Btu per hour| 303 299 | 335 | 359 | 435 | 360 442 424 521 | 540 $1 2 
Water Temperature Outlet, deg F. 139.8 | 134.4 | 121.7 143.1 | 137.6 | 151.2 157.2 | 153.7 | 147.3 | 144.5 | 171.2 | 150.7 
Water Temperature Inlet, deg F 401) 488! 380 39 8 38 9 38.0 61.3 10.0 8.0 429 10.0 0.9 
Water Heated, 100 lb per hour : 29 3 323! 398! 31.5 9 9 0 4 7) 16 6 17.9 rin ’ 6.1 
Total Heat Absorbed, 1000 Bty 
per hour : 292 92 333 325 304 344 i82 116 19 517 15 
Radiation and Unaccounted For, 1000 | 
Btu per hour | a1 7 2 ‘4 4] if 10 8 : 23 16 
Heating Capacity, gallons per hour per| | j 
square foot per 100 deg rise 35.0 35.0| 399 19.0 47.3 41 3 78 9 9 62 62.0 61.5 61S 
Logarithmic Mean Temperature | 
Difference... . . “Fes 143 165 175 162 104 186 19 Zu ou 220 ele =<4 
Overall Heat Traasfer Coefficient, Btu . 
gp POT hour per square foot per deg F 20.4 177 190 201 203 ISS 244 202 245 20 245 20 
Water Pressure, pounds per square 2 - = a 
inch gage.... 74.3 70 | 71.3 | 773 75.6 72 75 06.9 re ‘3 5 40 
| | 


He 





lly adjusted before starting the run, for it was found 
at adjustments during the test resulted in fluctuations 
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perature and pressure of the throttling calo 


sures of both steam and water, temper 
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capacity and steam pressure 


under atmospheric water pressure; squares, runs under 
main pressure; and triangles, runs under intermediate 
those runs 


pressure; filled-in-circles represent 
partially 


were made after the tubes had been 
This cleaning was done by removing the man- 


water 
that 
cleaned. 
hole cover, opening the drain, and then directing a stream 
of high pressure water on the tubes and on the inside 
of the tank. The substance removed from the circular 
bottom of the tank was a rust colored sludge about % in. 
in thickness; a thin coating of soft material was easily 
removed from the tube surfaces. 


Interpretation of Test Results 


The principal items recorded for the tests are shown 
in Tables 1, 2 and 3, and are shown graphically in Figs. 
to 7 inclusive. In Fig. 3 the capacity in gallons of 
water heated per hour per square foot per 100 F rise 
is plotted against steam pressures in pounds per square 
inch gage. The two upper curves represent the runs made 


. 
» 


under atmospheric water pressure, whereas the lower 
curve is for water under higher pressures. Since the 
points representing intermediate water pressures of 25 
to 45 Ib per square inch and higher pressures of 67 to 
77 |b per square inch gage fall on the same curve, it is 
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evident that the capacity does not vary materially wi 
the water pressure through this range. 

Regardless of the amount of water pressure, as 
steam pressure increases, the capacity increases ; but 1 
increase is at a much greater rate in the case of | 
atmospheric water pressure runs. At the higher wai 4 
pressures the capacity increases from 38 to 63 gal | 
hour, as the steam pressure increases from 20 to 90 
gage, or an increase in capacity of 66 per cent. Throu 
this same range of steam pressures for the atmosplhx 
runs, the capacity increases from 69 to 170 gal per ho 
or an increase of 146 per cent. At 20 lb steam press) 
the capacity at atmospheric water pressure is 1.8 ti 
as much as at the higher water pressures; and for 
90 Ib steam condition, the capacity is 2.7 times as mu 

All of these results were obtained from tubes ope: 
ing under a condition that might well be encountered 
service. With clean tubes, it would be expected 1 
the capacity would increase somewhat, as shown by 
uppermost curve on the sheet. After cleaning the tul 
the capacity at 20 lb steam pressure increased 40 
cent, while the capacity at 90 Ib steam pressure increas 
only 21 per cent. Hence, it would appear that 
cleaning of tubes would proportionately have a great 
effect on increasing the capacity at the lower thar 
the higher steam pressures. 
lit 


i 


The overall heat transfer coefficient changes slig 
kig. 4, 


as shown in g, when 


with steam 
water in the tank is maintained at the higher water pri 
sures of 67 to 77 lb per square inch gage, with stea 


pressure, 


ranging in pressure from 20 to 90 Ib the coefficient 
creases from 190 to 230 Btu per hour per square f 
per degree Fahrenheit, or an increase of 21 per ce: 
Under atmospheric water pressure, for tubes in servi 
this increase is from 330 to 620 Btu, or an increas 
88 per cent. At 20 Ib steam pressure, the lower wat 
pressure gives a heat transfer 1.74 times as much as 
the main water pressure; and for the higher steam pres 


sure, the ratio is 2.7 to 1. It will be noted that thes 
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LOGARITHMIC MEAN TEMPERATURE DIFFERENCE, F 


Fig. 5—Variation of capacity with logarithmic 
mean temperature difference plotted on logarithmic 
coordinates 


ratios for the overall heat transfer coefficients are thi 
same as those for capacities mentioned under discussion 
of Fig. 3, which naturally follows from their interd 
pendency. For cleaned tubes and atmospheric water 
pressure the coefficient varies from 500 to 770 Btu pet 
hour per square foot per degree Fahrenheit, as the steam 
pressure is increased from 20 to 90 Ib per square inch 
gage. 

The variation of the capacity with the logarithmic 
mean temperature difference under the two different 
water pressures is drawn to logarithmic scale in Fig. 5 
This figure shows that the water pressure in addition 
to the mean temperature difference has a large influence 
in determining the capacity. Under the higher water 
pressures the capacity varies from 33 to 64 gal of water 
per hour per square foot per 100 F rise as the tempera 
ture difference increases from 150 to 230 F; whereas 
under atmospheric pressure the capacity increases from 
60 to 178 gal through the same range. In the forme: 
instance, the increase is about 94 per cent; in the latter, 
about 197 per cent. At the lower mean temperature 
difference the capacity is 1.8 times as great for the lower 
water pressure, while it is 2.8 times as great at the upper 
temperature difference. Cleaned 
greater capacity. 

Fig. 6 is quite similar to Fig. 5 except that the overall 
heat transfer coefficient is plotted against the logarithmic 
mean temperature difference. The large difference that 
results from the lower water pressure may be readily 


tubes give a still 
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; 


noted, for the coefhcient increases at a much taster rat 


for the atmospheric pressure runs. With the lower water 


pressure the coefficient increases from about 310 to 6/| 


Btu per hour per square toot pet degree lahrenhe 


through the mean temperature difference range ot 150 t 
230 F, whereas this increase is only from about 190 t 
240 Btu with water under main pressur¢ 


The heat transfer coefficient is plotted against water 
pressure in Fig. 7. Curves are drawn for steam pre 
sures of 10, 40 and 80 lb per square inch gage 
svmbols with vertical lines through them represent 
runs with S8O Ib steam, while those with horizonta 
lines represent the lowest steam pressurt This figure 


all steam pressures the coefficient and 
attected 


indicates that fo 


consequently the capacity are not as the water 
a 


pressure is decreased from 75 to about 30 lb per square 


inch gage. However, as the water pressure decreases 
< , , 
from 30 Ib to atmospheric pressure, the coemecient 


creases rapidly. For the lowest of the three steam pr 
sures, the coefficient increases 133 per cent and 
intermediate and highest steam pressures the coefficient 
increases 154 per cent 

The results clearly show that the Capacity Ol a wat 
heater of this type depends to a considerable extent upot 


the water pressure in the vessel, the lower pressure 
ing the greater capacity and heat transfet Cherefore 
it was thought desirable that a qualitative explanation b 
found for this phenomenon; that perhaps a greater 
bulence at the lower watet pressure was causing the 
creased heat transfer (One method 


1 


this phenomenon was to insert a light propellos 
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Fig. 6—Curves showing overall heat transfer coefficient 
against logarithmic mean temperature difference 
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was located in the tank directly over the tubes, and was 
connected to an indicator outside of the tank by means 
of a %-in. diameter shaft. However, the motion in the 
tank was not great enough to overcome the friction of 
the system. Another proposal considered the insertion 
of a window in the side of the tank, but this was thought 
to be unsatisfactory for actually observing the action in 
side the tank near the tube surface. 

\ third idea, which proved satisfactory, was the duphi 
cation on a small scale of conditions inside the heater. 
he apparatus consisted of a %¢-in. diameter copper 
tube placed inside a 1-in. diameter glass tube, the length 
of these tubes being about 20 in. Steam from the sup 
ply line to the heater was allowed to flow through the 
copper tube, which had a 0 to’50 lb pressure steam gage 
on the inlet end and a steam trap on the outlet. Water 
was conducted through suitable piping from the bottom 
of the heater tank to the annular space between the cop- 
per and glass tubes. By throttling with a valve on 
the outlet end of the apparatus, the water pressure ex- 
isting in the annular space was varied. It was noticed 
that when the water was under atmospheric pressure, 
large bubbles formed on the surface of the copper tube 
and rapidly left the surface; whereas when the water 
was at a greater pressure, no bubbles were observed. 
Photographs taken under these two different operating 
water pressures are shown in Figs. 8 and 9, the 
former being for atmospheric water pressure and the 
latter for the greater pressure. 

Of course it is reasonable to expect that inside the 
heater not all the cold water will flow directly past the 
tubes; probably a large part of the water is heated by 
its mixing with heated lower layers of water, and from 
steam bubbles in the circulation. This probably accounts 
for the fact that an overall coefficient of heat transfer 
for a heater is more frequently used rather than indi- 
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water heaters depend 
considerable extent on 
water pressure, varving 
versely with the pressure. 

The capacity was found to remain constant with wat 
pressure variations in the range from 80 Ib to 35 Ib | 
square inch gage. Below a pressure of approximat: 
35 lb per square 
inch gage, the 
capacity in 
creases consider 
ably, being high 
est at the lowest 
water pressure. 
This difference 
due to water 
pressure is 
greater at high 


steam = pressures 





than it is at low 
steam pressures. 
With steam at 
20 Ib per square 
nch gage pres 
sure the heat 
transfer coeffi- 
cient and the ca 
pacity are about 
18 times as 
great at atmos- 
pheric water 





pressure as at 
pressures above 
> 

35 Ib per square 
inch gage. With 
steam at 90 Ib 


Fig. 8 (above)—Photograph of smal! 
scale heat transfer apparatus showing 





effect of atmospheric water pressur 


er square inch i r 
I — sages Fig. 9 (below)—Photograph of smal! 
gage the coeff- scale heat transfer apparatus showing 
cient and capac effect of main water pressure 
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re about 2.7 times as much at the lower water pres 


it) 
4 s as at the higher water pressures. 

,e coefficient increases from 310 to 670 Btu per hour 
per square foot per degree Fahrenheit for the lower 
water pressure and from 190 to 240 Btu per hour per 


square foot per degree Fahrenheit for the higher water 
pressure through the range of logarithmic mean tem 
perature differences of 150 to 230 F. 

Cleaning the outer surface of the tubes increased the 
capacity by 40 per cent at 20 Ib per square inch gage 
steam pressure and 21 per cent at 90 Ib steam pressure, 
with the water under atmospheric pressure. 

Visual evidence shows that the higher heat transfer 
at the lower water pressures is the result of the forma- 
tion and movement of steam bubbles. These are formed 
on the tube surfaces, break away and carry heat into the 
main body of water above the tubes. 

For tubes that had been in test service for a short 


time, these tests indicate a capacity of 30 gal per hou 
through a range of 40 to 140 F 
atmospheric 


pel square woot ovo} 


heating surface with steam pressur 
and a corresponding capacity of 51 gal at 50 lb per 


~ 


square inch gage. These values compare with 38.5 at 


' 


atmospheric and 73 gal at 50 lb steam pressure quote: 


in a storage heater catalog. 
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Minnesota Chapter Meetings 


February 13, 1930. The lebruary meeting of the Minnesota 
Chapter was held in the Oak Street Laboratories of the Engi 
neering Experiment Station, University of Minnesota, with din 
ner served to 110 members and guests. The general arrangements 
for the meeting were taken care of by Prof. A. B. Algren. 

The dinner was followed by a short business session conducted 
by Pres. J. E. 
Experiment Station staff were introduced by Professor Algren 

Prof. F. 
Oak Street Laboratories, their development and possibilities. He 


Swenson, after which the various members of the 
B. Rowley gave a brief outline of the history of the 


also outlined several cooperative research projects now in prog- 
ress and called attention to the excellent facilities in the labora 
tories for large scale projects to be conducted in cooperation 
with industries. 

Professor Rowley called attention to the investigations now in 
progress such as the moisture condensation problem in coopera 
tion with the National Mineral Wool Association, the manufac 
ture of a suitable fuel from peat, which is being sponsored by 
the State of Minnesota, and the manufacture of hydrogen from 
lignite and the extraction of manganese from manganese ore, 
both sponsored by the Northwest Research Foundation 

In addition to these projects attention was called to research in 
felds of concrete under the direction of Prof. C. A. Hughes, 
and investigations being carried on in connection with internal 
combustion engines under the direction of Prof. B. J. Robertson 

The general description of the laboratories and their facilities 
was followed by an inspection of the plant, which included a 
visit to a large temperature control room, two wind tunnels, 
another large scale temperature control room for testing insulat 
ing materials applied to buildings, the former room being de 
signed for testing the insulating qualities or the air conditioning 
equipment of railroad cars and truck bodies. The inspection con 
tinued on to the four test rooms for complete tests of airplane 
engines, then to the electric dynamometer equipment for internal 
combustion engines, the chemical engineering laboratory, and 
special equipment for the study of the vapor resistance of build 
ing materials was inspected, as well as apparatus for measuring 
the dust in air. A laboratory shop and various pieces of smaller 
laboratory equipment were also inspected. 

January 9, 1930. The January meeting of the Minnesota Chap- 
ter was called to order by secretary M. H. Bjerken at the Cen- 
ter for Continuation Study, University of Minnesota, in the ab- 
sence of Pres. J. E. Swenson and Vice-Pres. F. C. Winterer, 
with 33 members and guests in attendance. 

\ brief talk on the seminar at the University and its accom 
plishments was given by Professor Rowley. 

Various committees were called upon to report and the per- 
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Gother, E. J. Rosecky, \ J ‘| hom, Ee A. Utecht and 
R. A, Wilson 
sonnel of the 1938-1939 committees was outlined as 

fdvwsor R. I fackstror th the assistance fa | "2 

ittendance: D. W. Hickey, Chairmas al I. R. Hall 

{uditing C, FE. Gausman, Chairmas ne i. C, * 

tertainment } H Schernbeck hair dD. Ss K N D 

Adams and W. F. Uhl 

Legislative: F. B. Rowley, Chairman; E. F. ] "MB 

Membership: D. M. Forfar, Chairman; ¢ Lous ( ») Fitts, G 
Dahlstrom and H. C. Oberg 

Nominatir R. |} Rackstror hairs N. D \ ( 
Gausmar 

Progran F. C. Winterer, Chairmas ,. B. Algren, W MeN 


G. S. Bean, R. E. Backstrom and H. S. Mortor 

Publicit F. F. Lange, Chairmars and D. RB. Ande 

The guest speaker of the evening, H. C. Rooks, engineer 
Trane Co., La Crosse, Wis., gave a very interesting tall 
Evaporative Condensers. In his address Mr. Rooks present 
some valuable information to the members and guests 

\ motion was then made and carried to hold the regular 
meetings at the Center for Continuation Study, and the secretary 
was instructed to make the necessary arrangemet 

Professor Algren gave a brief report on plans for 
meeting to be held at the Experimental Engineering Laboratori 
at the University of Minnesota 

November 28, 1028. This meeting was call 
President Swenson and turned over to Professor Rowk wi) 
pointed out that this gathering was to take the place of the reg 
lar meeting scheduled for December, and was held in conju 
tion with the seminar conducted by the University of Minnesota 
and by a committee of members of Minnesota Chapter 

There were 110 members and guests present when F. 
Houghten, director of the Societv’s Research Laboratory at Pitts 
burgh, was introduced, along with Prof. A. P. Kratz, Universit 
of Illinois, who brought greetings from the Illinois Chapter a 
who also gave a brief outline of investigations conducted at 
Teesdale, Forest Products Lal 


oratory, was then introduced, followed by Dr. Charles Shear 


the Research Residence > | 


Mayo Clinic, who gave a talk on the cooperation between the 


two divisions of medicine and science. Dr. Keys, University 
Minnesota, was presented and spoke briefly concerning his ex 
perience with the Society and the medical professi 

N. D. Adams then presented a report on the activities of the 
National Council and future Society meetings 

J. F. McIntire, vice-president, U. S. Radiator Corp., Detroit 


extended greetings from the president of the Society, E. H 
Gurney, Toronto. Mr. McIntire gave a very interesting talk 


the various activities of the Society and the need of competent 
engineers in addition to business men in the Society. Mr. M« 
of the | Paul Ander 
Annual 


Intire made the first formal announcement 
son award to be presented to Professor Rowley at th 
Meeting in Pittsburgh 

















kin Temperatures of the Extremities 
and Effective ‘Temperature 


By Charles Sheard, Ph.D.,* Marvin M. D. Williams, Ph.D.* * 


and Bayard T. Horton, 


KFECTIVE temperature was defined by Hough- 

ten and Yaglou' as “the temperature and humidity 

condition, or the heat and moisture condition, of 
the air which determines the transfer of heat between it 
and the body.” Combinations of temperature, humidity 
and air movement which induce the same feeling of 
warmth are designated as thermo-equivalent conditions. 
From a series of investigations,” * it was concluded 
that this scale of thermo-equivalent conditions not only 
indicates the sensation of warmth but also determines the 
physiological effects on the body induced by heat or cold. 

In a recent report, Hick, Keeton and Glickman® con- 
cluded that the data which they obtained on the skin tem- 
peratures of various regions of the body, of persons very 
lightly clothed, were most satisfactorily correlated with 
environmental conditions on the basis of the effective 
temperature scale or index. Using unclothed subjects, 
Winslow, Herrington and Gagge*® found that relative 
humidity had very little effect on comfort in the zone of 
body cooling (below 86 F for the unclothed body), 
whereas the influence of air movement was very great, 
particularly with low air temperature. The chief physio 
logical response which these investigators found in the 
zone of body cooling was an adaptive fall in skin tem- 
perature. 

In this paper the results of investigations concerning 
the skin temperatures (chiefly of the fingers and toes) are 
presented, obtained on two subjects, with normal circu 
lation, unclothed, and in the basal 
metabolic state, under various en- 


—_-" 


Rochester. Minn. 


for persons at rest, normally clothed and in still ain 
skin temperatures of the fingers and toes have 
chosen for the reason that, as pointed out in othe: 
pers® ° the extremities play an important role in the 
sipation of heat from the body and for the further rea 
that thermal changes of the fingers and toes are the 1 
sensitive or delicate indicators of change in the vasomot 
control which, presumably, involves the whole surfac: 
the integument. Furthermore, the changes in the 
peratures of the toes are of the greatest significance sir 
within the range of 66 and 77 deg ET, the temperat: 
of the forehead, thorax and upper portions of the legs 
and arms are commensurate and high in value, and 
upper extremities (as evidenced by the temperatures 
the fingers) are involved but little in the regulatior 
heat dissipation, whereas definite evidence of vasomot 
regulation is demonstrated by the spread of the tempe: 
tures of the toes from approximately 22 C to 35.8 C 


Experimental Results 


Figs. 1, 2 and 3 show the time-temperature relati 


"Effective Temperature Index of Warmth. (HEATING, VENTILATIN 
ConpitiontnGc Guipe, 1937, 75, p. 64) 


®Effects of Changes in Environmental Conditions on Skin Temper 
and the Dissipation of Heat from the Body, by Charles Sheard, M. \ 
Williams and B. T. Horton, (Amer. Jour. Physwology, 1937, 11074 

®*Investigations on the Exchanges of Energy Between the Body ar 
Environment, by Charles Sheard, M. M. D. Williams and B. T. Hor 
( — JourNAL SEcTION, Heating, Pt ping and Air Conditioning, M 
1937, p. 189), 





vironmental conditions which 
ranged from 66 to 77 deg ET as in- 
dicated on the psychrometric chart’ 
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C. P. Yagloglou. (ASHVE Transactions, Vol 
80, 1924, p. 865). r 
5Physiologic Response of Man_to Environ a 
mental Temperature, by F. K. Hick, R. W 
Keeton and Nathaniel Glickman. (ASHVF 
JTournat Section, Heating, Soa and Ai fs 
Conditioning, March, 1938, p. 196 7h ~40% 72° ~607% + 
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ton and A. P. Gagge. (Amer. Jour. Hygiens 9AM. 10 il 1a iPM, a‘ 
1937, 26:103). ; Time in hours 
Presented at the 45th Annual Meeting 
of the Aumucan Seciegy ev Mieerne — Fig. 1—Skin temperatures of the forehead, fingers and toes 
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Table Data Regarding Skin 


Under Various 


Temperatures of the Fingers and 






































penengeaees Conditions Indicated by the Effective 
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perature of 77 deg show that the skin temperatures of he question may be raised concerning effects v 
these Ties of the body lie within the narrow range of nught be caused by fatigue and min inges in t 
32.5 to 35.8 C. At 66 deg, the other extreme of the effec- production of | during the course of the day Fig 
tive temperature scale used in these investigations, the 1 to 3 and the data of Table 1 show that three change 
3 temperatures of the toes remained at room temperature vere made in the environmental temperature and relative 
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ENVIRONMENTAL Supyect A Supyect B 
CONDITIONS —_ 7 ome 
——__——— - AVERAGE _ AVERAGI a 
- | . Temperature, C| _ Boop a TEMPERATURE, ( Bi - MMEN 
Errective | Dry-Bucs | Per Cent i _ __._._. | PRESSURE | PULSE |. _ . PRESSURE | PULSE 
TemPera- | TemMPpera- | Humipity| ‘ | (um He.) | Rate eee | um Ho.) | Rati 
TURE TURE, F FinGerS | Tors INGERS S| 
66 71 10 28 5a |°22.5 90/60 52 26 5a | 22.0 | 94/68 | 60 | Comfortable. excer col 
: 70 55 31.68] 22.1 | 98/64 48 ' 30.08 | 21.5 | 94/60 | 48 | Slightly chills 
©», 69 65 30.28 | 21.8 88/68 52 29.58 | 21.7 90/64 50 Slightly chilly, feet cold 
& bs 74 40 34.8 30.5 92/58 oh 34.5 29.5 94/60 | 60 | Comfortable 
s 72 60 30.5 25 .6 94/62 541° 31.0 23 .8 94/66 | aa) ; Comfortable, feet cold 
$ 70 75 27.4 | 23.3 84/68 46 26.5 | 22.4 94/64 | 48 Comfortable, feet cold 
‘ - _ = — _— - —EE = = - = _ EE - — 
a i | 
- 70 76 | 10 34.7 29.5 100/74 56 33.5 | 28.7 96/72 52 Comfortable 
' 74.5 | 55 32.0 | 25.4 88/72 16 1.7 | 24.4 90/72 50 Fairly comfortable, except fee 
73 65 28 .0 | 23.8 80/60 50 27.4 | 23.6 90 /68 | 52 Uncomfortably cool 
» a pes “La a — 32 =] - “Ta rer 
, il } 79 40 35.1 32.0 96/78 | 0 35.5 | 32.5 | 96/76 66 | Very comfortable 
| 76 50 34.0 29.3 98/70 0 33.8 | 28.8 98/70 70 | Comfortable, slightly cool feet 
| 74 | 65 30.5 26.0 90 /66 52 32.0 | 24.5} 100/72 60 Uncomfortably cool 
73 | 82 35 | 35.5 | 33 Q 94/64 | 51 35.6 | 34.0 | 98/70 | 62 Very con fortable 
| 79 50 35.0 32.6 | 90/66 | 52 35.1 be 96/68 | mt Very comfortable 
77 70 346 29.5 90 /60 49 44.3 10.1 06 /64 58 Very rtable, leg: s shghtl 
75 85 30 358 | 346] 90/62 | 51 36.3 33.8 94/60 65 Somewhat ur fortat 
82 50 | 35.7 134.3] 88/60 | 64 3.1 | 34.0 90 /62 57 =| Very comfortable 
79 | 60 | 35.7 33.8 92/64 60 35 8 a4 90 66 2 Comfortabk 
— —_ _ = - - - 
| 7 86 10 35.8 | 34.5 | 88/66 56 CCS 60 34.5 104/76 64 Uncomfortat swea 
8&3 60 567 | 34.3 86/64 4 35.7 34.2] 106/74 Ss Slightly uncomfortable wa 
81 73 34.9 32 7 | 92/70 ee | 5.1 33.2 102/76 60 Comfort Forehea is, fee 
om seal Fra 
Temperatures of the fingers vacillated considerably, aati a range as great as 6 C See I 
A wo values of the basal metabolic rate were obtained for each subject, as follows: A 2 (44 ‘ 41.7 cal/square 
iete hour) ; B, —10 (89.2 cal/square meter/hour) and —17 (34 cal/square meter/hour). 
data were obtained with the subjects in the basal state, wearing pajamas and lying t t 
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numidity during a_ period of > 

seven or eight hours. The order a AY Be nage, 

of procedure was to decrease the s3- 2 a 
temperature and increase the rel- 2 ‘ 

ative humidity, for any specified 4 i = AT oon Pe 
effective temperature, at the end bs he ag ee 

, : Wy ~*~. 
of a two-hour period. Hence the § | t----forehead NA Pag 
most marked physiological ef- : ’ ee nate \ FA me. ‘ 
fects, as indicated chiefly bv a de- 3 é — -" = 
crease in the skin temperatures, “ RET p 4 or er i jar 
would occur in all likelihood in | Effective temperatare 73° * f 
the middle to the close of the y ty 
afternoon and at the time when 3 rT WA 
relatively lower dry-bulb tem- e | 
peratures and higher humidities &25¢ x x 47 
were maintained. The data of eS 2 y 
Table 2 indicate that, under an / . iS 
atmospheric temperature of 78 F | ge 35% ‘ 79°~ 50% Ss 78°~70% 
and 37 per cent (average) rela- g 3 
tive humidity, there were minor r S : 
changes in the temperatures of 20r. <a 1 1 1 i 4 1 68 
the forehead and fingers of both 9AM 10 u a IPP x . 4 
persons tested, whereas decreases Time in hours 
of LOC (Subject A) and 34C Fig. 3—Skin temperatures of the forehead, fingers and toes of a normal person under 


(Subject B) were obtained in 
the temperatures of the toes dur- 
ing the course of the day. The greatest change in the 
skin temperatures occurred from 2 P. M. to the conclu- 
the test. The same order and approximate 
changes in the daily range of skin temperatures were ob 
and 60 per cent relative humidity. The 


such correction factors, as are indicated 


sion of 


tained at 77 F 
application of 
in Table 2, to the data of Table 1 or to the curves of 
‘igs. 1 to 3, does not appreciably affect the results or 
invalidate the conclusions to be drawn concerning the 
effects of various thermo-equivalent conditions on the 
dissipation of heat from the body. 

The effects of changes in relative humidity on skin 
temperatures were investigated further at dry-bulb tem- 
peratures ranging from 73 F to 82 F. The two persons 
who were used in obtaining the data of Table 1 were 
tested again in a manner which did not involve a prede- 
termined program. During the course of various tests 
conducted over a period of two months data were accn- 
mulated concerning the skin temperatures of various 
areas of the body when subjected to various environ 
mental temperatures and ranges of relative humidity at 
any designated dry-bulb reading. The data of Table 3 
show that there is little if any effect produced on the skin 
temperatures by changes in the relative humidity at any 
designated atmospheric temperature. 


Table 2—Chronological Record of the Average Skin Tempera- 
tures of the Forehead, Fingers and Toes Obtained on Two Sub- 
jects Following an Initial Period of 15 Hours’ Fasting. Dry-bulb 
Temperature 78 F (22.5 C) and 37 Per Cent Relative Humidity 


Supjyect A Supsect B 


. ' AVERAGE TEMPERATURE, C AVERAGE TEMPERATURE. 
tIMe OF DAY ; 
‘ ios s ; - 
FOREHEAD | FinGcers | Toes | PoREHEAD | FINGERS | 


Tors 
9:00—11:30 A.M 34.5 35.3 31.5 35.1 34.9 32 4 
12:20 3:00 P.M 34 6 35 6 31.0 35.3 34 7 31.6 
2-00 1:30 P.M 34.8 34 7 20 6 33.7 34.3 29.0 





an effective temperature of 73 deg 


Conclusions 

These investigations show that relative humidity ha 
little effect on the skin temperatures of the body, as in 
dicated most sensitively by changes in the temperatures 
of the fingers and toes, when the body is subjected to 
various effective temperatures extending from 66 to 77 
deg or to fixed environmental temperatures (73 to 82 | 
with a fairly wide range (35 to 70 per cent) of relatiy 
humidity. It is the authors’ conclusion, therefore, that 
in the zone of body cooling, the dissipation of heat fro 
the body is dependent chiefly on the environmental ten 
perature and is little influenced by relative humidit 
when the person under test is in the basal metabol 
state, unclothed and at rest in still air 


Table 3—Data Concerning the Effects of Various Environmental! 

Temperatures and Ranges of Relative Humidity at Any Desig 

nated Dry-bulb Reading on the Temperatures of the Forehead 
Fingers and Toes* 


ENVIRONMENTAI 


CONDITIONS Sunject B 


Sunyect A 


AVERAGE TEMPERATURE AVERAGE TEMPERA 
c 
RELATIVE 
Dry-BuLs HUMIDITY 
TEMPERA AVERAGE Fore Fort 
TURE VALUE HEAD |Fincers | Tors HEAD |FINGERS 
Per Cent 
73 F 38 33 31.0 24.5 M7 2.0 a) 5 
22 8 C 53 335 20 5 3 4 34.5 10 2.5 
6S 34.2 On 5 23 6 i 2 w5 23 
75 F 41 24.2 35.5 32.5 5 6 34.5 
23 9 ¢ MM 34.3 34 7 31 6 5 2 35.0 7 8 
64 34 7 33.8 20 6 35.0 33 8 2s 
77 I 39 33 6 34.5 29 3 33 5 40 29 8 
25 ¢ SS 41 33.8 28 5 34.5 33.5 27 
70 345 32.5 27 3 48 318 2 8 
79 F 32 345 35.5 32 2 34.5 34 6 32 
26 1 ¢ MO 34.8 35 5 31.5 48 47 $1 
64 35.3 43 29 8 t5 2 35.0 $1 
82 F 30 34.5 34 6 33.6 35.3 35.0 
(27 .2C 53 35.1 35 0 32 8 35.0 35.5 ; 
66 35 .2 30 32 5 35 4 35 4 5 
*Basal metabolic rate (taken at dry-bulb temperature of 77 F 
relative humidity 40 per cent); subject A, 2 (44.5 cal/square met 
hour); subject B, 10 (39.2 cal/square meter /hour) 


The data tabulated for any given dry-bulb temperature and range 
relative humidities were obtained on the same day on both subjects 
two subjects remained under any given environmental temperature 


relative humidity for a period of 2 to 3 hours 
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Air Conditioning in Industry (ess) 


By W. L. Fleisher,* A. E. Stacey, Jr.,**, F. C. Hough- 
ten.*** and M. B. Ferderber, M.D.+, (MEMBERS) 


Test Data and Results on the Physiological Reactions 
of Individual Workers to High Effective 
Temperatures 


In Fig. 7 are plotted some of the physiological reac 
tions for one of the subjects (D. I.) during a 4-hour 
test in an air condition of 90 deg ET at 75 per cent 
relative humidity. This subject was at rest in the con 
trol room from 9 to 10 A. M., at which time he entered 
the test room and worked for 4 hours, or until 2 P. M. 
Body temperatures and pulse rates were observed every 
15 min in the control and a little less often in the test 
room. The other physiological observations, because of 
the difficulty incident to making them, were taken at less 
frequent intervals. 

In addition to this subject’s (D. I.) physiological re 
actions as plotted in Fig. 7, his metabolic rate before 
leaving the control room was 40.8 calories per square 
meter per hour, and his average systolic and diastolic 
blood pressures were 104 and 69, respectively. 

7 that both the body 


progressive 


It will be observed from Fig. 
temperature and the pulse rate 
change with time of exposure in the hot atmosphere 
This rise in body temperature is logically expected to 
occur since body temperature must show a proportional 
The accumulation of heat 


she wa 


rise with accumulated heat. 
is in turn a function of the rate of heat produced in the 
body and the rate of heat loss from the body to the 
atmosphere and surroundings. About the only factor 
which is likely to change this proportional relationship 
is the slight increase of metabolism with rise in body 
temperature. This relationship has been credited to the 
purely chemical law of Van’t Hoff, which states that 
most chemical reactions are a function of and increase 
with temperature. This is contrary to the best interests 
of the body which would dictate that with rise in body 
temperature the metabolic rate, or rate of heat produc 
tion, should decrease. In other words, the point where 
metabolism increases with rise in body temperature or 
with severity of a hot atmosphere represents the initial 
breakdown of the processes of life, or the adjustment 
of the internal reactions of the body to meet the external 
environment. Then it becomes a question of a further 
small elevation in the severity of the hot condition or 
length of time of exposure before death occurs. It is 
interesting to point out that the progression of physio 
logical changes is an accellerative process after the maxi 
mum temperature at which the body can adjust its 


‘Chairman, Committee on Research, New York, N. Y. 
_ “*Chairman, Research Technical Advisory Committee on Air Condition 
ing in Industry, New York, N. Y. 
,. "Director, Research Laboratory, American Society or Heatinc anp 
VENTILATING Encinerrs, Pittsburgh, Pa. 
py tow in Fever Therapy, Dept. Industrial Hygiene, University of 
ittsburgh and Advisor on Physiological Studies, Research Laboratory, 
American Society or HEATING AND VENTILATING ENGINEERS, Pitts 
bureh, Pa. 
, presented at the 45th Annual Meeting of the American Soctety oF 
EATING AND VentitaTinG Encrreers. Pittsburgh, Pa.. January, 1939. 

1 published in February, p. 107, and Part 2 in March, p. 191. 
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internal reactions to its environment has been reached 


It will be noticed that change in body temperature and 
also the pulse rate do not follow straight line relation 
The body temperature change Ss rapidly 
immediately after entering the test room and tends 


become a constant with increased length of exposure 


ships with time. 


Chis is because the rise in body temperature in the con 
temperature 


stant atmospheric condition decreases the 
difference between the body and its environmental ait 


If a person were able to exist satisfactorily at a suffi 
ciently elevated body temperature, his physiological 
mechanisms would consequently establish a higher ten 
perature level at which equilibrium could be maintaine: 
This adjustment, however, can only be made withi 
rather small limits compatible with life; and even at 


lesser elevations in temperature where death or collaps 
would not occur, the individual ceases to function nor 
mally. 

Increase in pulse rate is not necessarily a quantitative 
change resulting directly from exposure, but represents 
a physiological reaction resulting from nerve stimulu 
If psychic factors are eliminated, the stimulus causing 
an increase in pulse rate is apparently more or less 
portional to the rise in body temperature, for increas« 
in pulse rate parallels quite closely rise in body ten 
perature, except in unusual diseased states. It has beet 


shown in other work, however, particularly in the appli 


‘ation of fever therapy,’ that if 
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Fig. 8—Relation between rise in body tem- 

perature from normal during 3-hour expo- 

sure and the effective temperature of the air 

condition in the test room for 60, 75 and 90 

per cent relative humidities. Test points 

for individual subjects (Table 1) apply to 
heavy solid curves 


quiet or unexcited, either through his own self control 
or due to the application of a sedative, a rise in body 
temperature may not be accompanied by the same in- 
crease in pulse rate, except where there is already a 
high basal metabolic rate or where there may be some 
physical debility 

Plots or tabulations of the several physiological reac- 
tions similar to those in Fig. 7 were made for each indi- 
vidual subject in all of the tests made at 60, 75 and 90 
per cent relative humidity. The several reactions after 
3 hours of exposure are plotted in Figs. 8 to 21, and 
the points in each case were taken from the plotted curves 
similar to those in Fig. 7, or from calculation based upon 
the rate of change where fewer observations were taken, 
as in the case of vital capacity and blood pressure. As 
an example, if the vital capacity was found to be 4000 cc 
before entering the test room and 3650 cc after 3% 
hours of exposure, the hourly rate of change was as- 
sumed to be 100 cc, and change in the vital capacity in 
3 hours was assumed to be 300. 

The relation between the rise in body temperature and 
the effective temperature, dry-bulb temperature and wet- 
bulb température of the atmosphere for the three hu- 
midities studied are plotted in Figs. 8, 9 and 10, re- 
The results of tests at the three different 


spectively. 
ach case 


relative humidities are plotted separately. In 
the solid line curves are drawn for the plotted test points 
for the different subjects (see Table 1) after 3 hours 
exposure. The resulting curves for 60 per cent and 90 
per cent relative humidity tests are superimposed on the 
75 per cent relative humidity section of the chart. It 
will be noted that when temperature rise is plotted 
against effective temperature there is little separation 
of the curves for the different relative humidities. In 
the plot against wet-bulb temperature there is some 


256 





Section 





























80 62 64 66 ee 90 e2 Lad 96 968 100 2 
AIR CONDITION — DRY BULB TEMPERATURE —F 


Fig. 9—Relation between rise in body temperature from normal 
during 3-hour exposure and dry-bulb temperature of air condition in 
test room for 60, 75 and 90 per cent relative humidities. 


Test points 
for individual subjects (Table 1) apply to heavy solid curves 
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normal during 3-hour exposure and the wet-bulb tempera- 

ture of the air condition in the test room for 60, 75 and %” 

per cent relative humidities. Test points for individual! 
subjects (Table 1) apply to heavy solid curves 


separation while for the dry-bulb plot there is a 
significant separation of the three curves. It is of inte: 
est to note that when plotted against wet-bulb temper 
ture, the separation is such as to give a series from © 
to 90 per cent relative humidity from the upper curv 
to the lower, while when plotted against dry-bulb th: 
curves are in the reverse order. This is as should b 
expected from the relation of effective temperatur 

wet-bulb and dry-bulb temperatures; that is, for 
atmospheric condition giving a certain effective 


tem 
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Fig. 13—Relation between increase in pulse rate from normal 

and the wet-bulb temperature of the air condition in the test 

room for 60, 75 and 90 per cent relative humidities. Test 
subjects (Table 1) apply to heavy solid curves 


Fig. 11—Relation between increase in pulse rate 
from normal during 3-hour exposure and the 
effective temperature of the air condition in test 
room for 60, 75 and 90 per cent relative humidities. 
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dry-bulb temperature of the air condition in the test room for 60, 75 crease in the vital capacity after 3 hours exposur: 
and 90 per cent relative humidities. Test points for individual sub- for the hotter atmospheres, the change is not vet 
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Fig. 15—Change in leucocyte count of blood after 3 hours of work 
in atmospheric conditions of 60, 75 and 90 per cent relative 
humidities and the effective temperatures indicated. Curve shows 


changes for the three humidities 


observation was rather difficult to make, in that it re- 
quired special equipment and skill of manipulation, only 
a relatively few observations were made. In these tests 
the count was made in the control room just before 
entering the test room, and again after 3 hours exposure 
at work in the hot condition. The observations in the 
control room were all made on days when the effective 
temperature maintained was 75 deg. The curve shows 
a definite increase in the count after 3 hours exposure 
in the hot conditions. The leucocyte count in the con- 
trol room is a little higher than is generally given for 
normal people in normal atmospheres, which fact may 
be due to its being taken within a couple of hours after 
the subject’s rising in the morning, eating breakfast and 
coming to work; the latter task frequently involved a 
walk of some distance. An average of 6000 resulting 
from variations of from 5000 to 7000 would be more 
expected from normal, inactive persons in a comfort- 
able atmosphere. The increase in the count after 3 
hours of working in the hotter atmosphere is definite and 
probably of considerable importance. However, unlike 
elevation in body temperature and increase in pulse rate, 
no definitely harmful significance can be placed on the 
increased leucocyte count. But it should be kept in 
mind that an increase in the count generally accompanies 
any kind of infection in the body or an elevation in the 
body temperature. This increase is generally considered 
as a preparation of the body to cope with infection. 


ever, consistent with facts obs« 

in the application of fever thet 

where experience shows an inc: 

in the systolic and a decrease ir 
diastolic pressures with elevation in body ten 
ature due to hot atmospheres. A certain maxi 
increase in the systolic can occur, after which a 
ther rise in the body temperature may result 
decrease in systolic pressure, which if it contin 
to fall may result in collapse. Upon complet 
lapse the systolic pressure may even fall unt 
approaches the diastolic pressure. For this 
condition of collapse the pulse pressure may bx 
tremely low. 

The variations in metabolism with activity 
exposure for the different subjects are shown in | 
17. The rates of metabolism for basal, seated at 
and light work are for the subjects in the tests 
this study. On mornings when the subject had 
eaten breakfast basal observations were made on 
after he had lain at complete rest for 34 hou 
mediately following arrival at the Laboratory. On ot 
mornings the seated at rest observations were mac 
subjects toward the end of the 34 hour period ir 
control room, while the observations for standing at 
work were made in the test chamber after 3 hours ey 
posure. The points plotted are for tests at the 
humidities, there being no significant variation eithe: 
tests at different humidities, effective temperatures 
lengths of time of exposure. This is in accordance 
observations made in earlier work at the Laborato 
in which usually no change in metabolism was fi 
upon exposure to hot atmospheres, excepting that 
companying a considerable elevation in the body tempe 
ature. The points giving the metabolic rate at mod 
work and heavy work were determined in earlier La! 
oratory studies.* These rates of work consisted of raising 
and lowering, by means of rope and pulley, a 40 
weight 7% and 11 times per minute, respective! 
through a distance of 5 ft. Moreover, these rates 
work were performed continuously for 3 or 4 hy 
The higher rate was designated in the earlier stud 
heavy work, which term is repeated here. Table 2 s! 
rates of work having as high as 4800 Btu per hou 
the resulting metabolism for an average sized man 
it is doubtful if such high rates could be continue 
an extended length of time. 

The rate of loss in weight of the different su! 
while engaged in work under the different atmos; 
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nditions is plotted against effective temperature in tract. To a still lesser extent, a continu nw 
‘e¢ 18. Points for all relative humidities are included eccurs as the result of the exhalatior 
id these determine the solid line curve. The broken lorm ot carbon dioxide, and tl loss is aj 
ie curves for at rest and heavy work are from earlie1 proportional to the metabolic 
sboratory studies':*® and will be discussed later in this studies®:* have shown that tl irbon | 
per. irom 0.3 oz per hour fo1 pe! i re } 
Loss in weight of a person in a hot atmosphere, or in hour for a person at heavy wot It w e sé 
ct to a lesser extent in any atmosphere, is due largely lore, that it is a rather insignificant | 
the evaporation of moisture. The major part of this ss shown. 
vaporation takes place from the surface of the body, \n analysis of th nad 1 ve 
hile a lesser portion takes place from the respiratory not significant, change in_ the 
relative humidities at the same « e te ‘ 
in example, the curves so plott t YO 
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Fig. 16-—Change in systolic and diastolic blood pressure 
after 3 hours of work in atmospheric conditions of 60, 75 
and 90 per cent relative humidities and the effective tem- 
peratures indicated. Curves show changes for the three 
humidities 
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effective temperature of the test room are plotted in 
Figs. 19 and 20. While there is considerable scatter- 
ing of points at any given effective temperature for dif- 
ferent subjects on the same day and, to a lesser extent, 
for the same subject on different days, the mass of data 
shows a very positive increase in the intensity of sensible 
perspiration with severity of the hot condition. The scat- 
tering of the points may in some measure be accounted 
for by individual variation, and also to the inability of 
the individual subject to properly evaluate the condition 
of his perspiration in terms of the index used. This 
difficulty was greatest when trying to interpret the dif- 
ference between clammy, damp, and wet in the case of 
forehead perspiration. At the same effective tempera- 
ture there was no distinguishable variation in the degree 
of perspiration on either the body or forehead with the 
different relative humidities. Also, there was relatively 
little variation in the degree of perspiration with time of 
exposure after the first one-half to one hour of exposure. 

The feeling of warmth of the subjects for different at 
mospheric conditions is plotted in Fig. 21. It is difficult 
to explain the difference in indicated effective tempera- 
ture for comfort conditions in this study and previous 
ones.*:"*§ Whereas a subject in this study felt comfort- 
able at an effective temperature of 82 deg, a person 
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Fig. 19—Relation between degree of perspiration on body 


after 3 hours exposure and the effective temperature of 
the air in the test room; for all subjects in tests at 60, 
75 and 90 per cent relative humidities 
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Fig. 20—Relation between degree of perspiration on fore- 


head after 3 hours exposure and the effective temperature 
of the air in the test room; for all subjects in tests at 60, 
75 and 90 per cent relative humidities 
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seated at rest in former studies required an effective t 


pera 


physical effects come into play in interpreting fe 
of comfort, and it is problematical as to the exten 
which either may account for the difference. 
tioned previously, the physical factors of larger exp: 
body surface area and resultant increase in air moven . 
must have some additional effect in increasing the 


ture of about 72 deg. Both psychological and pu 


As 1 
























of heat transfer. Whether these purely physical cha: 3 
account for the entire difference as between comfor 
82 deg ET for persons in these tests, and about 72 
ET for persons seated at rest in previous tests 
whether the psychological interpretation also has its E 
fect is difficult to determine. It is believed, howe : 
that the purely physical factors predominate. In ea: 
=e a 
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Fig. 21—Relation between feeling of warmth and 
the effective temperature of the air in the test room 
for all subjects in tests at 60, 75 and 90 per cent 
relative humidities : 
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Fig. 22—Relation between the effective temperature o! 
the atmospheric condition and the average and maxi 
mum expected rise in body temperature and increas: 
in pulse beats above normal for 44, 1, 2, 3 and 4-hou 
exposures. Solid line curves represent the average ris 
in body temperature and average increase in pulse beat 
of the average subject. Broken line curves represen! 
the maximum expected rise in body temperature and th: 
maximum expected increase in pulse beats for a perso! 
physically fit and acelimated for work in hot atmosphere 
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aboratory studies* it was rather definitely proven in a 
ialitative, although not in a quantitative manner, that in 
e same atmosphere sensible heat loss from the body in 
eased for persons at work over that for persons at rest 
The solid-line curves in Fig. 22 show the relation be 
ween the effective temperature of the atmospheric con 
tion, for lengths of exposure of 4% hour, 1 hour, 2 hour, 
hour, and 4 hour, and both the rise in body tempera 
ure and the increase in pulse rate. The 3-hour curves 
re the averages of the curves for the three humidities 
n Figs. 8 and 11. It will be seen that they form a 
rather definite series, exemplifying the fact mentioned 
connection with Fig. 7, that the rate of rise in body 
temperature during exposure in a given hot condition 
decreases with the length of exposure. As an example, 
the rise during the first 4% hour is greater than the rise 
luring the fourth hour. It should be emphasized in this 
mnection that the indicated and 
|-hour exposures in the 
based upon the rate of rise during a shorter period; 
the subjects were not kept in a 92 deg El 


rates of rise for 3 


more severe conditions wer: 
that 1s, 
atmosphere for 4 hours, but for this condition the time 
was always limited to 3 hours and frequently to a shorter 
period. 

In discussing the data thus far, consideration has been 
given almost exclusively to the average reactions of th 
average subject. While average reactions are the most 
significant in interpreting what may be expected for th 
average person for the average exposure, they must be 
used with caution when determining the worst condi 
tions a person may work under or the length of time a 
this 


were drawn to 


work in any hot atmosphere. For 


reason the broken-line curves in Fig. 22 


person may 
represent the maximum reactions expected under most 
circumstances for all workers who have been found to 
react favorably to hot conditions. This favorable reac 
tion might be brought about either through acclima 
tization or adjustment in their physical make-up afte: 
experience, or through their having a sufficiently adapt 
able physical make-up. For each length of exposure 
these curves were drawn so as to be above most of th 
individual test points for the different subjects, similar 
to the broken-line curves marked maximum reactions in 
the middle sections of Figs. 8 and 11. 
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Fig. 23—Relation between increase in pulse rate and body temperature 


from normal after 3 hours exposure and the effective temperature of 
the air condition in the test room for persons at rest, at light work 
(this study) and at heavy work 
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In considering the physical data plotted in Figs. « 


2l, It iS Of Interest to compare the intensit or | 
logical reactions, as found in this study the 
reactions tor persons seated at rest and tor persons pr 
forming heavy work, in the earlier Laboratory studi 
lhe metabolic rates for these different conditions ivi 
already been compared in lig. 17, while the weight 

for the three types of activities was presented in | \ 
lhe relation between rise in body temperature and 
crease in pulse rate, and the effective temperature 

three activities are given tor comparison 1n Pig. 23 ( 
curves for light work in this figure were taken a 
averages tor all three humidities in ligs. 8 and 

this study, while the curves for at 7 and at vor 
were taken from data published in earlier Lab 
reports. In Fig. 24 are given the relations betwee 
sensible perspiration on the body and ehead ar 
effective temperature of the air cond or pers 

rest, ight work, and heavy wor Phe tht work ’ 
were taken directly from Figs. 19 and 20 of this report 
while the data for rest and wy wor were agall 
taken from earlier Laboratory reports 

It is hard to account for the practically equal rise in 
body temperature and the greater degree of sensible p 
spiratiion at a given effective temperature pers 
seated at rest when compared with persons standing a1 
performing light work as in this study Since these for 
iner data were collected several years ago unde the 
ent conditions, it 1s possible that the interpretatior 
sensible perspiration might have differed shghtly Oy 
the other hand, these facts may be accounted for 
purely physical factor of increased rate of heat dissiy 
tion for a person standing up and moving ab 
cussed previously. 

The purpose of this study 1s 0 ippi n i 
which may be used in the guidance of labor, employe 
and others interested in the economic and social aspect 
of working conditions in determining atmospheric cot 
ditions under which a person may work a full day 
shorter periods without harmful effects. The curv ! 


rise in body temperature and increase 


different times of exposure, shown in offer 


ready picture to enable one to determine the relation be 


tween time of exposure and the effective temperature 


for these physiological reactions 
This study does not in itself offer conclusive informa 


; 


tion on the severity of a physiological reaction that 
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Fig. 24—Relation between sensible perspiration on the 
body and forehead and the effective temperature of the 


air condition in the test room for persons at rest, light 
work (this study) and heavy work 
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Table 3- -Physiological Changes and Conditions Accompanying a Maximum Expected Rise in Body Temperature of 11% 
Deg and 1 Deg in from 4 to 4 Hours Exposure. Also Similar Data Accompanying a % Deg Average Rise in Body 
Temperature in Equal Exposures 











































































































MAX. EXPECTED| AVERAGE [VITAL CAPACITY| LEUCOCYTE | WEIGHT PERSPIRATION 
arta COUNT Loss | Boor are 
OF erp | 800Y| PULSE | BODY; PULSE | Ave | MAX. eninmens 
TEMP |INCREASE| TemPliNCREASE) % /EXPECT! ave | max. | CHANGE 
EXPOSURE % PER | PER | OZ/ HR.| AVG | MAX AVG MAX./AVG |MAX 
RISE—F | BEATS/ MIN) RISE F/BEATS/MIN| CHANGE) cg joy) U. mal AVG] MAX 
/2 935 is 49 0.38 25 
; 900 Ls 37 |os0!| 20 | 
2 876 15 32 055 13 
ail 
3 674 | 15 34 «= |062 | 15 -2.8 |-82 | 8700/9600) 63 | 13 | weT|RUNS|RUNS|RUNS VERY VERY 
4 872 Ls 33 0.70 15 | 
Ben 
V2 900 1.0 30 0.25 14 
' 85.6 1.0 20 0.18 7 
2 83.4 1.0 20 O16 6 
t -— 
3 83.3 1.0 22 0.21 6 -1.5 |-65 |8200/8900| 4.5/ 9 |DaAmPiweT wer puns|comtER 
+— —— 
a 83.1 1.0 22 0.23 © 
= ‘& 
V2 950 | 1.75 57 0.50 30 ‘ ae 
' 900 | 150 37 0.50 20 | 
2 871 143 30 0.50 12 1 * WE 
ear her 
3 864 | 135 30 0.50 i -2.3 | -8.0 | 8600 |9400/ 5.5/11.5|WET |RUNS/RUNS RUNS warns HOT 
656 | 127 28 050 7 


















































worker may be expected to endure without harmful ef- 
fects on his health, or without undue discomfort. Com- 
parison of the data plotted in Figs. 8 and 11 indicates 
that an increase in pulse rate of about 24 beats per min- 
ute accompanies a rise in body temperature of about 
1 deg, for moderate conditions of exposure. For more 
severe conditions the pulse rate increases proportionately 
at a higher rate for the same rise in body temperature. 
Rises in body temperature of 4%, 1, 1% and 2 deg are, 
respectively, accompanied by increases in pulse rate of 
12, 25, 38 and 70. The fact that rise in body tempera- 
ture and increase in pulse rate always appear to be a 
positive index of exposure to hot conditions makes it 
seem most desirable to base any limitation, either on 
length of exposure or severity of a hot condition in which 
a man should work, on these two factors. As pointed 
out previously, rise in body temperature represents a 
more positive mathematical relationship to the atmos- 
pheric condition, and therefore, it should be accepted as 
the better index of the two. 

While this study was not designed particularly to de- 
termine the allowable rise in body temperature of work- 
ers in industry, the observations of the effect of tem- 
perature rise on subjects in this study as observed by 
the investigators and the medical men in attendance 
offer some basis for a limitation. These observations 
have led the authors to recommend that the limitations 
be so placed that no worker be expected to have more 
than 1% deg rise in body temperature. Table 3 gives 
some of the maximum expected and average physiologi- 
cal reactions which would accompany a 1% deg maxi- 
mum rise in body temperature. A lack of proportionality 
between the maximum and average rise in body tem- 
perature is apparent and may be due to greater errors 
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in locating the maximum curves from test points. |i 


will be noted that the different lengths of exposure 
the several effective temperature conditions all give 
approximate average rise in body temperature of )2 deg 
If a % deg average rise were accepted instead of a | 
maximum rise, atmospheric conditions of 95, 90, 87.1 
)? 


85.6 and 86.4 deg ET could be endured for %, 1, 2, 3 


and 4 hours, respectively. 

The major criticism of this investigation as outline 
and performed has been that the study would give dat 
only which might be used in limiting hot atmospheri 
conditions for one type of physical activity, and furthe: 
that this particular activity does not accurately simulat: 
any practical work in any industry. A valid answet 


this criticism is found in the often demonstrated fact 


that metabolism is a true and acceptable (in fact, 


only true and acceptable) index of intensity of physica! 


activity or work. Hence, all types of work resulting 1 
a given metabolic rate in the same atmospheric conditio 


will undoubtedly result in the same heat elimination 


problems and therefore the same rise in body tempera 
ture, increased pulse rate, and other physiological 
actions resulting from interference with heat dissipatio 
from the body. 

If this point of view can be accepted, and it is 
lieved that it can, then the relation between physiologi 
reactions and the length of exposure to the effective te’ 
perature of the air condition for a relatively few rates 0! 
physical activity should make it possible to determin 
these relationships for any other rates of work. 1! 
establishment of such relationships is attempted in Ii¢ 
25, where rise in body temperature and increase in pu!s 
rate for various lengths of exposure are plotted against 
the metabolic rate. This study offers rather complete 
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formation for these relationships for light work, ac 
mpanied by a metabolic rate of 76 cal per square meter 
er hour, and earlier Laboratory studies‘ offer a limited 
nount of information for persons at rest and at heavy 
ork. 
nd increase in pulse rate during a 3-hour period, the 
ime solid-line curves are drawn through well-estab 
Maximum 


Based upon the average rise in body temperature 


shed points for the three metabolic rates. 

expected rates of rise in body temperature and increase 
n pulse rate for a 3-hour period are available both from 
this study and the earlier investigation for persons at 
rest, and it was these data and the position of the solid 
line curves on this figure that were the determining fac 
tors in locating the broken-line curves. 

While the meager amount of data available for plot 
ting the curves in Fig. 25 does not establish too accurately 
their exact position between light work and heavy work, 
particularly when the maximum physiological reactions 
are considered, it does indicate that with relatively little 
added information curves acceptable for practical use 
could readily be established. 

In order to supply sufficient information for accu 
rately plotting curves similar to those in Fig. 25, another 
series of tests should be made with the subjects perform 
ing heavy work, so as to establish with greater confi 
dence these latter points. In addition, a somewhat less 
comprehensive study at a metabolic rate somewhere in 
the neighborhood of 100 cal per square meter per hour 
should aid in fixing the curvature and exact location of 









































the curves between light work and heavy wor | 


seems particularly desirable because of the apparent 
vapid change in the direction of these curves in the neig 


borhood of light work. 
lunited to high humidities, a 


Moreover, since this study wa 


few additional tests should 


be made at lower humidities. 


With sufficient additional data and the development 
25. should be able 


perfected charts similar to big one 


to determine with confidence the temperature rise and 
the pulse increase lor any period ol exposure in 
hot atmosphere for all rates of work tor which the me 


W hile 


to a continuation of this study is 


tabolism is known the amount of work inciden 


rathe1 extensive, 


quite insignificant when compared with the consequet 
tial effects it should have in the application of air con 
should hye 


ditioning to industry. The cost 


when compared with the economic saving in heal 

efficiency, comfort, and the satisfaction accruing to labor, 

industry and the entire social system 
It is of interest to consider a hypot! 


' 
25 tO an 


etical applicatt 
of the information contained in Fig unstudied 
type of employment, assuming that no change in th 
the 


A few workers performing t 


character of curves in 25 would result fron 


further study. 
of work in question would be given a metabolism deter 


that 


big 
} 
: 


; 
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they S 


per 


» deg maximum rise in body ten 


nunation while working Assunx ow a 


metabolic rate of 100 cal per square metet hour, at 
that the limitation of 1! 
perature suggested is to govern the case. The broken 


line curve, 1% deg max 3-hour, will apply, whic! 


—F; : 7 shows that the worker can engage in this new 
OS HEAVY WORK 145 CAL | | . . > : , 
~. ’ 1000 activity for 3 hours at about 85 deg ET. Simila: 
= ons charts supplied for 4-, 2- and 4-hour exposures 
. “ would make it as simple to determine the severity 
+ ao 5 ; 
a. g ot the atmospheric condition which would give 
Too ‘ 
: a a maximum expected elevation of body tempet 
v os ature of 1% deg in these lengths of exposurs 
w 75 : 
+ 2 » ‘ » ° = ‘ ; let 
‘ soo t In order to make available adequate data 
9g ' 
v aco * estimating the minimum air conditioning requir 
g se > 7 , , 
é ia ments tor hot industries, future work of the Con 
. z . 
‘ ; mittee should therefore include 
20 
» , " 
2 1. Additional tests with the same type of light wor 
woo F in the same atmospheric conditions during the wintet 
« 
x eo £ season, im order to determine whether men worl 
= . under these conditions react the same in winter a 
. soo « 
© 2 summect 
3 2 
@'? roo y 4 A series of tests with the same type 
nr | = 
a. _* at a lower relative humidity, for example 30 per cent 
2 13} es LIGHT worn 764 caS_| — é > in order to more ad quate lv determine whether effective 
4 * j \ y soo * . . 
< % i 5 4 temperature alone need be considered vhen i vide 
« - | 1 % < 
~ *e | | is S 400 6 range of relative humidities is encountered 
3 se — —~— . : , 
® v= ar REST 455 CAL! one 3. A series of tests with hea: work, m order t 
3 | supply adequate data for work giving a metabolic rat 
200 
7 20 o2 vi rT} 145 cal per square meter per hour, so as to more sat 
AIR CONDITION O€G Ct factorily locate the curves for average and ma 
aD ; , ; reactions as drawn in Fig. 25 
Fig. 25—Relation between the effective temperature of the atmospheric > oe : ' , ' ' 
condition and the metabolic rate for rise in temperature of 14, 1, 114 oe ee ee 8 ae SS WOK Ot 
. . 9 1 7 . ] 
and 2 deg, and for increase in pulse beat of 10, 20, 30, 40 and 50 beats metabolic rate of about 100 cal per square meter px 
per minute. Solid line curves represent the average rise in body tem- hour, in order to better establish the curves draw 
perature and the average increase in pulse beats of the average subject. Fig. 25. between light and heavy work 
Broken line curves represent the maximum expected rise in body tem- SP eo “eth Ome. ectis oe 
. . . se cs oO ests a est, COLTICL WwW (heiled ric! 
perature and maximum expected increase in pulse beats for a person pi 
physically fit and acclimated for work in hot atmospheres. Maximum precisely the same atmospheric conditions as in t 
curves drawn through points indicating metabolic rates obtained from study, in order to verify or correct the apparent con 
maximum at rest and light work data are drawn similarly to the curves clusion from this study that a person standing up and 
for the average reaction. Points indicating the position of the curves performing light work has about the same ris we 
. . . . ‘The 4 g work as alwy } Si S i! wel 
for the several rises in body temperature in from '\4 to 4 hours given 
temperature, a somewhat less degree of perspiration, an 


for light work only 
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less feeling of warmth than a person seated at rest. 

G. Additional work to determine the effect of air movement 
in reducing the severity of the physiological reactions for dif- 
work at the same dry-bulb temperature and 

In this connection, work already carried on 
at the Laboratory, has established the effect of air 
movement on the comfort and presumably the physiological 
reactions of persons at rest, while a smaller amount of data 
This new phase of the 


ferent types of 


relative humidity. 
5,9, 10 


has been reported for persons working. 
study should be so planned as to determine the extent to which 


these earlier findings may apply. 
Codes 


Within the next few years, there may be anticipated 
the enactment of many laws and regulations of a social 
nature. No doubt many of these will have for their 
subject air hygiene as affecting the health of the worker. 
This work under the Committee on Air Conditioning 
in Industry should offer a true foundation for these 
codes and standards. It may be assumed that regulatory 
bodies are responsible only for the health of the workers 
and are therefore interested in those conditions of the 
atmosphere which adversely affect it. As an example 
for the need of an understanding and knowledge for 
those conditions of temperature and humidity which may 
affect the health of the worker, the State of Massachu- 
setts has had for several years regulations limiting tem- 
peratures and relative humidities in textile factories. 
There can be no doubt that those responsible for these 
regulations were moved only for the best interests of 
the worker and that the limiting atmospheric conditions 
written into the regulations were for his protection. 

The maximum dry-bulb temperatures and absolute 
humidities specified in the Regulations, interpreted as 
effective temperatures, range from a maximum of 89.3 
deg ET to a minimum of 59.3 deg ET. Assuming for 
the moment that the work of this summer was more 
than of an exploratory nature and that the critical effec- 
tive temperature for health occurred when there was 
a maximum expected increase for any worker of 1.5 F 
in body temperature with an increase of pulse of 28 beats 
per minute ; or an average inorease for the group of 0.5 F 
in body temperature and 12 pulse beats per minute, then 
the conditions laid down in the Regulations show a need 
for fundamental data. All those specified conditions 
above 91 F dry-bulb are beyond the critical temperature 
as found for this intensity of activity, so the purpose of 
the Regulations is not fulfilled as far as the health of 
the worker is concerned. Those temperature and 
humidity conditions below 91 F in the Regulations have 
no effect on the health of the worker and are only a 
manufacturing limitation. This code was copied from 
the English Act of 1911 which has been revised in 1935. 
The revised English Act limits the operation of the mill 
to times when the wet-bulb temperature does not ex- 
ceed 80 F, 

Codifying critical effective temperatures for industries 
of the textile mill type is rather simple when compared 
to those which have conditions above the critical effective 
temperature during a large portion of the time. If the 
same criteria of health condition is maintained, it may 
be necessary and advisable to make provision in the 
codes for a physical examination of the worker, thus 
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eliminating the unfit and also to provide a limitation 
the duration of continuous activity between rest perio 
The temperature and humidity found in deep mines of! 
an excellent example of these extreme conditions. ‘| 
general sources of heat in the mines are wall suria 
men, explosives and the cooling of freshly opened ro 
The heat from the freshly opened rock is by far the m 
important. Many of the deep mines are naturally \ 
and added to this natural moisture in those where 
rock is of a siliceous nature, water is used to settle t 
dust with a consequent high relative humidity. Saturat 
temperatures of 90 to 95 F are frequently encounter: 
In the mining district of South Africa, a temperatu 
of 93 F saturated is considered the critical above whi 
many cases of heat prostration occur. 

$y government regulation, 30 cim of air must 
supplied per person employed underground through 
the 24 hours. Working periods are short, interspers: 
with rest periods. In other places, many of the de 
mines are dry with a much higher rock temperatu: 
The resulting effective temperature is, however, approx 
mately the same and the problem of protecting the heal: 
of the worker remains. 

When codes are written for industrial conditions of t] 
severity, the laboratory findings of 
effects on the worker of these intense conditions of te: 
perature and humidity will be of great value and w 
supply necessary fundamental information on which 


base a code protecting the health of the worker an 
benefiting the employer through a smaller labor turnove: 


and a greater efficiency of labor. 
Engineering 


This research will, when completed, determine 
critical temperature for engaged 
various degrees of activity. It is expected that as 
result of this research tabular information may be con 
piled giving the approximate critical effective tempe: 


effective persons 


tures corresponding to different activities within certai: 


predetermined limits of rise in body temperature ar 
pulse rate. 
neer in the selection of air handling equipment necessar 
to produce atmospheric conditions below the establish 
critical temperatures for different industries. 

Because of the wide range of metabolic activities 


different types of work it is conceivable that there mig! 


be three different general types of equipment used fi 
producing the desired results which may be classified: 
la. Ventilating equipment handling untreated outside air. 
b. Open windows in side walls and roof. 
2. \ir conditioning equipment with evaporative cooling 
3. \ir conditioning equipment with refrigeration. 


the phy siologica 


These data will act as a guide to the engi 


Each one of these classes has very definite limitations 


which depend not only on the activity or rate of meta 
bolism of the persons engaged but also on the atmos 
pheric conditions met with in the different localities 
It can be readily seen that critical temperatures approac! 


ing even the higher brackets may be found in su 
tropical climates and it is also true that in some localiti 
in the north and located on a body of cold water, c 


J 


ditions of quite low critical temperatures could be met 


without any equipment or that handling only untreat 
outside air. 
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DRY BULB TEMPERATURE F 


conditioning processes to produce 


Fig. 26—Psychrometric chart showing critical effective temperatures for three activities and air 
desired results 
In Fig. 26 will be noted three critical effective tem In those cases where evaporative cooling ay be nt 
peratures corresponding to a 1% F body temperaturs the amount of cooling depends not only on the outsicd 
rise that have been selected from data reported in this wet-bulb temperature, but also on the maximun 


| 
enciosure 


paper and which are enumerated herewith: humidity which may be permitted within the 
Cintentins Demeincien  Wntenense thee he amount of air which would be handled by an evar 
Temp Dec Bru rex Hous orative cooling device varies directly with the cooling 


; page ne “0 he accomplished. When evaporative cooling is used 
a +9 8 1490 the outside air conditions as previously cited the capacit 
of the equipment in cubic feet of air per minute would 

\lso on this chart is plotted the maximum outside an be based on a temperature rise of 22.8 F instead 
condition of 95 F dry-bulb and 75 F wet-bulb which is 8.8 F when using untreated outside air to obtain the 


same effective temperature. The resulting condition 

the space would be 97.8 F dry-bulb and 80.7 F wet-bulb 
Thus it is evident that this type of equipment could b 
used to produce the conditions below the desired critica 


assumed in this case to be applied for illustration to the 
critical effective temperature line of 86.5 deg correspond 
ing to a metabolic rate of 862 Btu per hour of a light 
metal worker. 
With these assumed conditions it would be necessary 
lor equipment handling untreated outside air to have a 
capacity in cubic feet of air per minute sufficient to of this type of equipment may be readily visualized on 
absorb the sensible heat in the room with a temperature the chart. As the wet-bulb temperature is reduced, the 
rise of 8.8 F which would result in a final condition of effective range of temperature of the air introduced 
the work space of 103.8 F dry-bulb and 77.3 F wet-bulb 


effective temperature for the degree of activity assumed 
For other outside wet-bulb temperatures the limitations 


increased which results in smaller air conditioning equi 
as may be referred to in Fig. 26. ment and the reverse is true with higher initial outsid 
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wet-bulb temperatures. It may generally be assumed that 
with evaporative cooling the effective temperature varies 
inversely with the relative humidity. For example, if 
it were possible to maintain within an enclosure 80 per 
cent relative humidity there would be a temperature rise 
in the air from a saturation point of 7.5 F dry-bulb. 
However, if it were possible to maintain 70 per cent in 
the same enclosure the temperature rise of the air would 
be 11.5 F so that the amount of air required to absorb 
any specified amount of heat would be proportionately 
reduced. Unfortunately, the maximum cooling to be 
obtained by this method is limited by the outside wet- 
bulb temperature. If a locality had an outside wet-bulb 
of 75 F and it were possible to carry 70 per cent relative 
humidity within a plant, then the inside temperature of 
the plant would be 86 F which is, of course, based upon 
providing sufficient air to absorb the heat load produced 
within the plant. These conditions correspond to an 
effective temperature of 81.2 deg. 

In many industries, 65 per cent relative humidity is 
considered the maximum allowable due to danger from 
corrosion, etc. With 65 per cent humidity, there is a 
temperature difference between the saturation point and 
the dry-bulb temperature of 13.5 F, so that there would 
result a final dry-bulb temperature of 88.5 F correspond- 
ing to an effective temperature of 82.5 F. 

As the maximum outside wet-bulb temperature is de- 
creased, so the indoor conditions can be reduced and the 
reverse is also true. For example, in the south, where 
it is not unusual to have wet-bulb temperatures of 81 F, 
then with 65 per cent relative humidity there would be a 
dry-bulb of 94.5 F corresponding to an effective tem- 
perature of 87.3. 

To maintain lower critical temperatures it will be 
necessary to use refrigeration in some form. In the 
northern part of the country well water of sufficiently 
low temperature may be obtained. However, in many 
places it would be necessary to make use of artificial 
refrigeration. When meeting this condition it might be 
better from an economic standpoint to shorten the hours 
of labor or intersperse the periods of activity with in- 
tervals of rest so that the same physiological reactions 
on those persons engaged in this type of work would 
remain within the healthful limits. 

For those degrees of activity where the critical effec- 
tive temperature is below the outside wet-bulb then some 
form of refrigeration will be necessary. The capacity of 
the equipment to fulfill these conditions will depend upon 
the relative humidity to be maintained within the work 
spaces. The size of the refrigerating equipment will be 
smaller as the per cent of relative humidity allowed in 
the work space is increased, and the amount of air to 
be handled by the equipment will increase directly with 
the relative humidity. Assuming that the critical effec- 
tive temperature for a stone mason is 72.8 deg and that 
the outside temperature condition is 95 F dry-bulb and 
75 F wet-bulb and that it is desired to maintain 65 per 
cent relative humidity in the work room, it will be neces- 
sary to introduce air having a dew-point of 64 F. There- 
fore, all the air handled by the air conditioning equip- 
ment would have to be cooled to 64 F and the amount 
of air to absorb the heat in the work space would be 
based on a temperature rise of 13 F which would result 
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in a final condition in the work space of 77 F dry-b 
and 68 F wet-bulb which is equivalent to an effect 
temperature of 73 deg. The refrigerating capacity nec 
sary to accomplish these results would vary with ¢ « 
requirements for ventilation. When exhaust systems 
removing the dust from the cutting surfaces are s1 
that all outside air is necessary, then the capacity of ¢ \ 
refrigerating equipment will be sufficient to lower 
total amount of air from 95 F dry-bulb and 75 F w 
bulb to 64 F. If the amount of air which is supp! 
to maintain the desired critical effective temperature 
more than that exhausted, then a portion of the air n 
be returned to the equipment at room conditions wit! 
decrease in the refrigerating requirements. 

Engineering calculations to determine the capacity 
the air conditioning equipment may be based on p 
cedure outlined in the Heatinc, VENTILATING, Aj) 
CONDITIONING GuipE, 1938 (Chapters 5, 6, 7 and & 
All sources of heat in the space to be cooled must 
carefully surveyed. After the proper amount of air | 
been determined, it should be distributed in the sar 
pattern as the heat load occurs. 


Summary and Conclusions 


1. The paper reviews the developments of present und 
standing, or lack of understanding, of the relation betwe« 


length of exposures of workers to hot atmospheres and _ the 


resultant disturbance of their physiological equilibrium. 

2. The relations are given between lengths of exposure 
hot atmospheric conditions of different effective temperatur: 
and changes in various physiological reactions, such as bod 


temperature, pulse rate, vital capacity, leucocyte count, weight 


loss, forehead and body perspiration, and feeling of warmt! 
Body temperature and pulse reactions are indicated as being th: 
most significant reactions correlated with the severity of the 
hot condition. Moreover, since rise in body temperature 
shown to be an adequate index of disturbed physiological equi 
librium, it is recommended for use in limiting the length 
exposure of workers in hot atmospheres. An average body 
temperature rise of % deg in the average worker qualified by 
physical make-up and experience to work in hot industries, o: 
a 1% deg rise in an occasional worker, is suggested as t! 
limiting reaction. Also given are other physiological derang: 
ments accompanying a ™% deg rise in the body temperature of 
the average worker, or a 1% deg maximum expected rise i 
the temperature of the occasional worker. 

3. A chart is presented for indicating the rise in temperatur: 
or increase in pulse rate for different lengths of exposure 
atmospheres of different effective temperatures, for different 
activities, expressed by their equivalent metabolic rate. It 
shown that a relatively small amount of additional data to 
collected in similar studies covering the necessary range 
temperatures, humidities and air motion conditions will bh 
adequate for interpreting the results over the entire range 
A program for research to supply thi 


} 


possible human work. 
information is outlined. 
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56. Thermal Exchanges Between the Human Body and Its 


\tmospheric Environment, by F. C. Houghten, W. W. Teague, 
W. E 
Physiology, Vol. 88, No. April, 1929) 


57. Heat and Moisture Losses from the Human Body and 
heir Relation to Air Conditioning Problems, by F. C. Hough- 
ten, W. W. Teague, W. E. Miller and W. P. Yant. (ASHVE 
TRANSACTIONS, Vol. 35, 1929). 

58. Effect of Radiant Heat on the Skin Temperatures of a 
Group of Steel Workers, by J. J. Bloomfield, J. E. Ives and 
R. H. Britten. (Public Health Reports Reprint No. 1370, 1930) 

59. Thermal Exchanges Between the Bodies of Men Working 
and the Atmospheric Environment, by F. C. Houghten, W. W. 
Teague, W. E. Miller and W. P. Yant. (The American Journal 
f Hygiene, Vol. XIII, No. 2, March, 1931). 


Bedford 
August, 


60. The Reduction of Mine Air Temperatures, by T 
and C. G. Warner. (The Colliery Guardian, Vol. 143, 
1931). 

61. Effect of Humidity on Working Capacity, H. M. Vernon 
(The Colliery Guardian, Vol. 143, London, October, 1931). 

62. Temperature Effective d'un 
Resultante d’un Milieu, by A. 
Vol. 12, 1931). 

63. The Warmth Factor in Comfort at Work. A Physio 
logical Study of Heating and Ventilation, by T. Bedford. (Med- 
ical Research Council, Report No. 76. H. M. Stationery Office, 
London, England, 1936). 


Atmosphere Temperature 


Missenard. (Chaleur & Ind.., 


64. Abnormal Air Conditions in Industry ; Effects on Workers 
and Methods of Control, by C. P. Yaglou. (Journal of Indus 
trial Hygiene and Toxicology, Vol. 19, January, 1937). 


65. Sweating and Skin Permeability, by Dr. A. G. R. White- 
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Miller and W. P. Yant (The American Journal of 


Acclimatization to | } 
(Journal of Indu ; 


D. B. Dill, H. F. Edwards, E. H. Stumme and W. V. ¢ 
solazio. (The Journal of Industrial Hygiene and T 
Vol. 19, No. 6, June, 1937). 

68. Physiological Reactions of the Human Body to Va 
A. Winslow, L. P. Herri: 
Journal of Physiolos 


\tmospheric Humidities, by C.-F 
and A. P. Gagge. (The American 
120, October, 1937). 

69. Air Conditioning in the Tropics, by C. P. Mon 


Ingen. in. Mederland, Indie, Vol. 6, 1937) 

70. Modern Principles of Ventilation and Heating, by 1 
ford. (Published by H. K 
1937). 

71. The Effect of Heat on the Blood Volume and Circul 
by H. C. Bazett. (Journal of the American Medical As 
tion, Vol. III, No. 20, November, 1938) 


72. Temperature and Pulse of White People in th 


Lewis & Company, Ltd., Lor 


(Published in the Foreign Letter Section of the Journal 
American Medical Association, Vol. III, No. 22, Nove 
1938). 

73. The Measurement of Environmental Warmth, by 
ford. (The Jnstitution of Mining Enaincers Trans. Vol. X‘ 
Part 1, pp. 76-92, London, England, 1937) 





J. K. Peacock Dies 

he Society lost one of its Life Members in the sudder 
of J. K. Peacock on March 7, 1939, from a heart attack 
Peacock passed away at his home, 440 Fowler Ave., Pel 
Manor, N. Y 
Peacock. 


Mr. Peacock was a native of Indiana where he was 


where he lived with his sister, Miss 


1868 He had a long career in the heating and venti! 
industry, being associated for 15 vears witl J H. McLain 


as salesman and branch manager. Later he was with P 





J. K. Peacock 


Butler and Pierce Corp. working on heating problems and 
as draftsman and engineer on heating layouts. He then 
Hoffman Specialty Co., Inc., as manager of the New 
office and at the time of his death he was assistant sect 
of that organization in the general sales department. 

In 1921 Mr. Peacock joined the 
ING AND VENTILATING ENGINEERS, which honored him by 
tion to Life Membership in 1938. He was also a Life Mer 
of New York Chapter. 


Funeral services were held in Cambridge City, Ind., at 


AMERICAN Socrety or H 


officers and Council wish to express their sincere sympathy t 
family who survive, Miss Peacock of Pelham Manor and 


\lice M 


Ludington of Cambridge City 
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; CORRELATING THERMAL RESEARCH 
4 
As a part of the efforts of the ASHVE Research Laboratory to correlate research in thermal engineering carried on by the 
many institutions engaged in such work, and to disseminate the published results of such studies together with other reports of 
srogress in the field, and in order to make this information available to the membership of the Society, there is published monthly 
prog I 
on this ge a limited number of brief abstracts of articles which it is believed will be of interest to all concerned For more 
pa 
complete lists address the Librarian, ASHVE Research Laboratory, U. S. Bureau of Mines Experiment Station, Pittsburgh, Pa 
F. C. Houghten, Director. W. L. Fleisher, Chawman 
CoM MITTEE nw ResEarRcr - 
lhe Tangye Factory-Heating Stove Engincering Vol Losses Due to Intermittent Operation of Boiler Plant 
CXLVIL. Jan. 20, 1939, p. 82. The new Factory Act in Great F. Karthauset The Institut f Vol. XI N f | 
tain makes compulsory the provision of adequate heating ap 1939, pp. 159-167 he importance of losses resulting fron 
Britam ] | | PI | 
saratus in work shops. Description of a new type heating stove termittent operation of a_ boiler Heat storag« the I 
ining solid fuel, for use in work shops work is the principal cause of these losses, but t eins ; 
7 may be used for a QUICK and economical starting up t houler 
Combustion of Wood-Waste Fuels, by Henry Kreisinger after shut-downs, provided th Cat Cal e retaines er 
f . ‘ sort “a hl o mternal cooling | ‘ small vater 
Wechanical Engineering, Vol. 61, No. 2, Feb. 1939, pp. 115-120 periods Table of interna ing v2 
. } = 
Report of tests made on combustion characteristics of wood POU 
P ; . . , e 
waste, refuse material from lumber mills and paper mills, burned 
furnaces of the Dutch-oven type with horizontal or inclined Precalculated Engineering (Series of Artick ( \ 
grates. The principal characteristics of the fuels are the hig! hees. American Artisan, Vol, 108, N », Feb. 1939, | on 
moisture, high volatile, and high oxygen contents \ more precise method of calculating register air temperature 
* One of several methods that can be used for prepari i 
Refrigeration as Applied to Air Conditioning, by John R tables to meet practical design conditior Reg era 
Hertzler. Jce and Refrigeration, Vol. 96, No. 2, Feb. 1939, pp for warm air outlets at various distances trom the bonnet w 
105-107 Application of refrigeration to air conditioning tor established according to a certain 1 la. | ae 
human comfort. The selection of a means of dehumidification 1 r estimating velocity im risers, bran and tru . iC] 
the summer The economy of first cost and operating cost to ing upon the length the run trot rep 
gether with the most convenient and dependable source of energy e 
= onvenient 3 suitable means o Section , 
and the « mvenient and uitable means of final heat rejection, Governing Considerations in Plat « Heatine Sve 
govern the selection of the refrigeration equipment tor a given Multiple Low-cost Housing. by Chark | Mavette 
system md lentilati Vol. 36, No. 2, Feb. 1939, p i. Db 
* , , : 
sion of heating equipment tor low st housing , 
Refrigeration as Applied to Air Cooling, by | S. Green. Jour sought is comfortable heating with reasonable ar - 
nal of the Institution of Heating and Ventilatmg Engineers, Vol annual fuel savings 
6, No. 71, Jan. 1939, pp. 551-589, with discussion Discussion e 
of some of the variations of equipment and design conditions : - sa 
; , ; \ 63-Opening Installation Balances on O1 ermostat 
which can be employed in refrigerating plants which cool at ; 
‘ 1) {rtisan, Vol. 108, No. 2, Feb. 1939. pp. 62-6 Ly 
used for the control of temperature and humidity of a factory, , : 
9: a : ‘ I Warm alr neating System Im a irege Nouse j i 
fice or public building, and how they affect the initial cost ; ' é 
, : mie < ontrolled from one thermostat. Unusual air distribut 
ind operating cost. Physical properties of common refrigerants . 
tem imsures uniform air distribution in all roon 
e 
. ‘ . | r e 
Wind Forces on a Tall Building, by Charles J. Rathbun. P) 
; : : , . St ! , Co ctio Wi (51 t ( 
ceedings American Society of Ctvil Engineers, Vol. 64, No. 7, — Pipe : vit va 
_ ; . . md | tilatin ol. 36 0. 2 1a" mm. 18-1! leccrint 
p. 1335 (1938). Report of tests of wind pressure on the Empire , n iting, Vol No. 2, Feb. 1939, pp. 18-19 | 
: , ’ illustration of som ' ” nnectio . 
State Building, over a period of several years, and on models of and llustration ome typical piping aN 
' . . been tound useft showing oper and prompt drainage f 
‘ the building in wind tunnels. Data were taken at 10 pressure , poe apne poo proper and pron Linage 
' aE . . a ae densi and good fitting practi 1 pi rrangement 
holes distributed around the building at each of the 36th, 55th, ensate and d fitting practice in pipe arrange 
and 75th floors, by batteries of U-tube manometers, the readings © 
: . » ] +} . n ' . vd ; 
ot which were simultaneously recorded by electrically-operated Physiology for the Engineer, by Howard W. Hagga 
ameras. hanical I ngineering, Vol. Gi, No. 1 pp. 8-12 Author tat 
. primary physiological axiom for engineers as: “The living 
Winter Air Conditioning Forced Warm-Air Heating, by S operates only as a whole; affect in any way gie part or 
Konzo. Published by Netional Warm Air Heating and Air single function, and you affect every other part and every ot! 
Conditioning Association, Columbus, Ohio. Based primarily on tunction,—you affect the whol Discussion of physiology 
results of research on the subject at the University of Illinois as air conditioning 
published in University of Illinois Engineering Experiment Sta . 
tion Bulletin No. 266. Supplemented with data from other Che Reactions of the Clothed Human Body to Variatior 
sources and with comments by the editor Atmospheric Humidity, by C.-i \. Winslow, L. P. Herrinet 
e and A. P. Gagge The American Journal of Physiol \ 
he Economy of Intermittent Heating, by F. E. Giesecke 124, No. 3, Dec. 1938, pp. 692-703. Report of 124 experiments 


iting and Ventilating, Vol. 36, No. 2, Feb. 1939, pp. 41-45 
study of economy of intermittent heating in a four-story 

college dormitory, College Station, Tex. Method of determining 
: economy of interrupted heating, time heat should be 


and method of 


turned off, 


calculation of intermittent heating conditions in 


buildings are outlined. 
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two clothed human subjects, to determine their ré 


if actions to val 
ations in atmospheric humidity Air and wall temperatures wer: 
identical with each other but were varied over a wide ranges 
with simultaneous variation in relative humidity Im the ne 
body cooling, humidity has small effect In high temperatur: 
and high relative humidity, adaptation fails to provid fort 
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Air Conditioning Helps Smash the Atom. Heating and Ven- 
tilating, Vol. 35, No. 12, Dec. 1938, pp. 18-19. Description of 
the Atomic Physics Observatory in the Department of Terrestial 
Magnetism of the Carnegie Institution of Washington, and the 
air conditioning needs in the observatory. Temperature and 
humidity conditions must be controlled very carefully. 

e 


Condensation. Architectural Forum, Products and Practice, 
\pril 1938, pp. 20-24, and 64. Discussion of condensation in 
buildings, and the effect of insulation in controlling the same. 

- 

Refrigeration, Evaporation and Thermal Insulation. Engineer 
ing, Vol. CXLVI, Nov. 18, 1938, pp. 595-596. Report of test 
work during the past year of the National Physical Laboratory, 
England. 

. 

Relative Humidity with High Summer Temperatures at Boise, 
Idaho, by George F. Von Eschen. Published in the Monthly 
Weather Review, Weather Bureau, July, 1938. Data are compiled 
Available from the Su- 
Price 20 cents 


from records of the past seven years. 
perintendent of Documents, Washington, D. C. 
. 

Care in Installation Necessary for Good Air Cleaning, by 
H. C. Murphy. Heating and Ventilating, Vol. 35, No. 12, Dec., 
1938, pp. 32-34. Suggestions for installing air filters including 
suitable location of filters relative to the fan, relative to heating 
and cooling coils, and relative to the direction of air flow. Loca- 
tion of air inlets away from contamination of dust or odors 

7 

Orientation for Sunshine. Architectural Forum, Products and 
Practice, June, 1938, pp. 18-22. Discussion of solar radiation 
conditions at 30 deg, 40 deg and 50 deg North Latitude. 

. 

Analysis and Design of Regenerative Compressed Air Scheme 
for Mine Cooling, by Prof. W. J. Walker and Dr. R. L. Stras 
zacker. The Journal of the South African Institution of Enai- 
neers, Vol. XXXVII, No. 2, Sept., 1938, pp. 22-40. Analysis 
of all important factors such as mine depth, conductivity co 
efficients and final temperature of discharge of the cold com 
pressed air, on the coefficient of performance of the system 
Cost of the regenerative system. 

« 

\utomatic Heat and Its Control, by W. B. Hughes. Coal 
Heat, Vol. 34, No. 5, Nov., 1938, pp. 5-7 Discussion of the pri 
mary fundamental requirements of a heating system that can be 
controlled satisfactorily: (1) generation of heat; (2) absorption 
of heat energy; (3) distribution of heat energy; (4) transmis 
sion of heat energy into spaces to be heated; (5) control of the 
system as a whole. 

7 

Coke as a Domestic Fuel, by P. Nicholls. Coal-Heat, Vol. 34, 
No. 6, Dec., 1938, pp. 32-33. “Coke is a good domestic fuel, 
clean and virtually smokeless, but it requires more care and skill 
from the homeowner to get the full satisfaction it is capable of 
giving.” 

. 

Practical Suggestions for the Care and Operation of Stoker 
Fired Heating Systems, by Carl J. Klermund. Published by 
Coal-Heat Magazine, Chicago, IIl. 

- 

Gravity Warm Air Heating for Tobacco Drying Barns and 
Cabinets. American Artisan, Vol. 107, No. 12, Dec., 1938, pp 
20-21. Description and diagrammatic layout of warm air heat- 
ing system for drying tobacco, in a tobacco drying cabinet. 

. 

Modernized Hot Water Supply Makes Large Saving in Apart 
ment Group, by D. D. Zink. Heating and Ventilating, Vol. 35, 
No. 12, Dec., 1938, pp. 23-24. Description of a domestic hot 
water supply system in seven apartment buildings. 
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Factory Building With Three-story Door Heated Wit! 
Boilers, by F. O. Jordan. Heating and Ventilating, Vol. 35, } 6 
12, Dec., 1938, pp. 15-17. Description of hot-blast heating in 
factory assembly room of an aircraft factory. 

7 

Engineering Terminology, by Victor Brown and Delmar G 
Runner. Published by Gillette Publishing Co., 330 S. Wells 
Chicago, Ill.; 310 pages. 

. 

Modern Furnace Technology, by H. Etherington. Publis 
by Charles Griffin and Co., Ltd., London, 1938. Price 30s 
This book is essentially a text book for a student. It is 
tremely thorough, has tabulated data and many helpful sketches 

7 

Velocity Profiles and Flow of Fluids Through a Contracted 
Pipe Line, by F. V. Engel and A. J. Davies. The Engineer 
(London), Vol. CLXVI, No, 4329, Dec. 30, 1938, pp. 720-722 
Mathematical discussion of flow of fluids through a contracte 


pipe line. 
7 


Air Conditioning of Cinemas, by L. W. J. Henton. Jow 
»f the Institution of Heating and Ventilating Engineers (1 
don), Vol. 6, No. 70, Dec., 1938, pp. 495-539 
theater ventilation from a practical viewpoint. 

e 


Discussior 


The Engineering Aspects of Air Conditioning for Hu 


Comfort, by Charles S. Leopold. /ce and Refrigeration, \ 
96, No. 1, Jan., 1939, pp. 25-27. 


Discussion « 


An engineering study of 


f air conditioning equiy 


air conditioning problem. 
ment, including control of temperature, separate means of heat 
ing and dehydrating, run-around circuit of cooling and washing 
air, types of air conditioning installation. 

+ 

How to Make a Simple Carbon Monoxide Estimator. // 
ing and Ventilating, Vol. 35, No. 12, Dec 1938, p. 39. D 
scription and diagram of plan for making a carbon monoxick 
estimator. . 

Surface Water and City Water Temperatures During the 
Summer. Heating and Ventilating, Vol. 35, No. 12, Dec., 1938 
pp. 35-37. United States map of probable maximum temp: 
tures of surface water; also table of surface water and 
water temperatures in the summer in the larger cities in 
state. 

e 

Free Air—Ventilation for Basement Parking Spaces Present« 
Unique Problems of Layout and Design. Domestic Engine 
Vol. 153, No. 1, Jan., 1939, pp. 48-49. Discussion of ventilat 
problems in design of basement parking spaces. IIlustrati 
ventilation in existing basement to make it available for garag 
space. Duct design and amounts of clean air required for ¢ 
duct opening. . 


Temperature and Pulse of White People in the Tropics 
eign Letter in Journal of the American Medical Association, \ 
111, No, 22, Nov, 26, 1938, p. 2029. Report of some data tal 
by Dr. Semmola in Somaliland. Temperature and pulse det 
minations were made of 600 normally healthy Italian soldiers 
Somaliland 

a 

With No Windows the Air Conditioning Must Be Good 
J. H. Walker. Heating and Ventilating, Vol. 35, No. 8, 
1938, pp. 13-16. Discussion of problems encountered in 
struction of new windowless office building. Two fact 
adequate temperature control and omission of drafts, were 
necessary by the windowless glass block construction 

7 


Instantaneous Measurement of Temperature. The Fuel / 
omist, Vol. XIV, No. 154, July 1938, pp. 259-262. 
of a new recording optical pyrometer that is used for expos 


Descript 


like a camera and may be focused on any point of the sur! 


of a hot body. 


{ 
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Mackinac Meeting in July 
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ake ports sel ed y the lin il { 
waukee or Chicago 
Members who plan to attend the meeting a art 
summer vacation may en} a crus the Great La 
om na expense It i 1x e i le M i 
special W s ka le - a 
t | ted States 
Dh oat lule ect ‘ 
follows 
| 
\ Ml . 
M 
ry 
View of Harbor from Old Fort Mackinac S 
Ar. M 
R 
HE Michigan and Western Michigan Chapters of the ( 
Society will be hosts for the Society’s Semi-Annual Meet , * 
ing 1939, which will be held at Mackinac Island, Mich ' 4 a ergy 
ly 4-6. Headquarters will be at the Grand Hotel and the \r. M Isla 
program for this meeting, to be known as the Great Lakes Sum a oe Be : ee REE —_* 
er Meeting, is well under way. Assisting the Committee or ' oo er nal . 
\rrangements are representatives from each of the Chapters se 
dering the Great Lakes 
Mackinac Island is a wm que island resort with a wealth of “e Bert M ‘ 
ic beauty and much of historic interest to attract the visit 
Here in this delightful spot members can enjoy interesting tecl K ‘ 
ul sessions and participate in their favorite summer recrea 
nal activities. 
Che headquarters hotel, The Grand, situated on a bluff over Rn 
king the Straits of Mackinac, has every facility for enter D 
g its guests and is the world’s largest summer resort hotel 
Special rates (American plan including room and three meals) ~r <2 nao Ope rr 
available to members as follows : Rat a eae 
meals Rates are so vha ohe 
7 R . wit at $8.00 dail -— aera are selected.) 
) R ns, with bath, (lakeview) $9.00 daily per persor The Committee « Arrangements hopes t 
k «, wit at} nnecting rea $8.00 da per pers 
R s, with hat! mnecting, (lakeview) £0.00 d < 
Single Rooms. with bath. (rear $9.00 daily per pers 
Single Rooms. with bath connecting $9.00 daily per persor 
) le R s, without hat £6.50 daily per persor 
Rooms, without bath—$6.50 daily per persor 
in P ates ' eals) deduct ¢ er day pe 
transportation facilities to Mackinac are excellent—good 
for motorists, through Pullman car service and direct boat 
Mackinac Island is known as the “Bermuda of the North.” 
loes not permit automobiles on the island, but motorists : 
lrive to the nearest convenient port, Mackinaw City, or St : 
gnace, and take a ferry to the island 
[he Michigan Central and Pennsylvania Railroads offer 
rough car service to Mackinaw City and connecting boat serv 
to the island is provided 
Boat service direct to the island is provided by the Chicago, 
Duluth and Georgian Bay Line and members in the more dis 
The Old Fort—Mackinae Island 


tiles can motor or go bv train to any of the following 
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meeting of outstanding interest and enjoyment. Working under 
the direction of the General Chairman, W. G. Boales, are F. J. 
Feely of Detroit, who will be Chairman of Activities on board 
the S.S. South American; O. D. Marshall of Grand Rapids, 
who will be Chairman of Activities on Mackinac Island, and 
Tom Brown of the Illinois Chapter, who will be Chairman of 
\ctivities on the S.S. North American. 

As detailed plans are completed, members will be advised 
through later issues of the JouRNAL, and by special bulletins. 

Plans should be made now to attend the Great Lakes Summer 
Meeting at Mackinac Island, July 4-6. 


Pres. McIntire Visits Chapters 

\ series of meetings of engineers, architects and contractors 
interested in air conditioning will be addressed by J. F. McIntire, 
Detroit, president of the American Society oF HEATING AND 
VENTILATING ENGINEERS. 

Mr. McIntire will speak on The Birth of Air Conditioning and 
Its Future. In his talk, Mr. McIntire notes that the great ana- 
lytical mind of Benjamin Franklin first called attention to this 
popular subject in America, but progress in the art was slow for 
Some of Franklin’s contributions to comfort were the 


150 years, 
substantially 


Franklin stove, chimney 
those used today for proper draft, proof that air motion caused 
cooling by evaporation, and that white clothes instead of black 


specifications which are 


should be worn in a hot, sunny climate. 

Modern air conditioning, according to Mr. McIntire, com- 
menced in the Victorian era and was first referred to by that 
name in a book by Stuart Cramer. The art reached a high stage 
of development for industrial uses, but did not attract public at- 
tention until the early 1920’s when the new application to com 
fort was announced. 

\t the present time the importance of air conditioning to health 
is engaging much attention and a substantial part of the Research 
activities sponsored by the AMERICAN Society OF HEATING AND 
VENTILATING Enoineers. It is Mr. MclIntire’s prediction that 
these extensive researches, conducted at the Society’s Laboratory 
at the U. S. Bureau of Mines, Pittsburgh, and in 12 cooperating 
universities and colleges will result in better quality products, 
greater comfort, and longer life. 

Mr. MelIntire addressed a regular meeting of the Atlanta, 
Ga. Chapter of the Society, March 20, luncheon meetings at 
Birmingham, Ala., March 21, New Orleans, March 23, and Hous- 
ton, Tex., March 25, as well as members of the faculty and stu- 
dent body of A. & M. College of Texas. 

He attended regular meetings of the North Texas Chapter, 
Dallas, March 27, Oklahoma Chapter, Oklahoma City, March 29, 
and his itinerary includes Southern California Chapter, Los An- 
geles, April 11, Golden Gate Chapter, San Francisco, April 18, 
Pacific Northwest Chapter, Seattle, May 1, and Illinois Chapter, 
Chicago, May 15. 


ASRE Food Preservation Conference 


at University of Texas 

Plans for the Third Food Preservation Conference, to be held 
at the University of Texas, Austin, on April 13-14, under the 
auspices of the University with the cooperation of the Amer- 
ican Society of Refrigerating Engineers, the A. & M. College 
of Texas and the Southwestern Ice Manufacturers Association, 
have been completed. A large attendance is anticipated as 
interest in the subject of food refrigeration, especially in quick 
freezing and farmers’ lockers, has grown rapidly in the last 
year. 

The chairman of the conference is Byron Short, professor of 
mechanical engineering, University of Texas, and his committee 
includes C. J. Eckhardt, V. L. Doughtie, Jennie Wilmot, V. T. 
Schuhardt and Dean W. R. Woolrich, of the University; G. E. 
Hulse, D. L. Fiske, M. L. Diver and T. W. Carraway, of the 
ISRE, L. P. Reiss of the SIMA and C. W. Crawford of A. & 
M. College of Texas. 
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Registration will begin at 9:00 a.m. on April 13 and fiy 
sions will be held devoted to the topics of Food Tech 
Locker Storage Plants, Ice Freezing and Melting, Quick 
ing, and Refrigerated Transport. 

A welcome luncheon is scheduled for April 13 at 12:3) 
and a dinner at 6:30 p.m. on April 14. On Saturday, Ap 
an inspection trip will be made to Marshall Ford Dam. 











ASTM Meeting Discusses Thermal Insulation 


The American Society for Testing Materials held a 
meeting in Columbus, Ohio, on March 8, 1939, at whicl 
Walker, Detroit, was the presiding officer at one of the s 
and F. C, Houghten, Pittsburgh, was a speaker and discus 
Effect of Solar Radiation on the Heat Transmission 1 
Walls. 

Morning and afternoon sessions were devoted to a symy 
on Lime, while a second afternoon symposium covered T! 
Insulating Materials. 


Western Michigan Chapter 
Meets at Kalamazoo 


February 20, 1030. A meeting of Western Michigan ( 
was held at Walwood Hall, Western State Teachers Coll 
Kalamazoo, Mich. Dinner was served at 6:45 p.m 
members and 23 guests. 

Pres. C. R. McConner called the meeting to order ai 
roll call by Secy. W. G 
meeting were read and approved. 

Attention of the Chapter was called to the suggested ordi 
prepared by the National Board of Fire Underwriters, 
will be offered to municipalities for enactment. This matter 
referred to the Chapter’s Heating, Ventilating and Air ¢ 
tioning Code Committee, which was directed to review | * 


Schlichting, minutes of the Ta 


subject and report at the next regular meeting 

W. G. Boales, Detroit, general chairman of the Great 
Summer Meeting, was present and outlined further pla 
arrangements which have been made. 

S. H. Downs, L. G. Miller, W. W. Bradfield and 
McLouth, who attended the Annual Meeting of the Societ 
Pittsburgh, reported on and discussed papers that wer 
sented. A short discussion followed before the meetin, 
journed at 10:00 p.m. 


Southern California Chapter 
Tours Broadcasting Studio 


February 14, 1930. Southern California Chapter met 


studios of the National Broadcasting System, Hollywood, ( 
with 76 members and guests present, according to the 
of Secy. A, J. Hess. 

After a short business meeting, the entire group of CI 
members with their guests enjoyed an interesting and educat 
visit through the studios under the guidance of competent 


bers of the staff provided by NBC. 


Air Conditioning in Industry 
Subject of Massachusetts Meeting 


February 14, 1930. Massachusetts Chapter members and ¢ 
met at Massachusetts Institute of Technology and Vice-Pr 
R. M. Nee presided. 

Past Pres. W. T. Jones was asked to give an account of | 
recent Annual Meeting of the Society in Pittsburgh, whi 
did in his usual pleasing manner. 

The speaker of the evening was A. FE. Stacey, JIr., New 
who spoke on Air Conditioning in Industry. Mr. Stacey t 
the work that was being done by this Research Technica! 
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y Committee of the Society in regard to measurements, 


vi 
tentative standards and correlation of the large amount of data 
aircady available from the health standpoint. The aims and 
wsed work of the committee were explained and discussed 
at the close ot the meeting a number of questions were 
answered by Mr. Stacey \ rising vote of thanks was tendered 


e speaker for his interesting talk, according to the report 


secy. H. C. Moore. 


Scientific Work of Byrd Expedition 


Interests Illinois Chapter 


muary 9, 1939 The meeting of Illinois Chapter was called 
t. order at 7:45 p. m. with 110 members and guests in attend 
an In the absence of Pres. J. R. Vernon, Vice-Pres. Tom 
Brown presided \fter the reading of the minutes was dis- 


pensed with, Mr. brown told those present of plans for the 
Society’s Annual Meeting in Pittsburgh and special transporta 
arrangements for Illinois Chapter members and guests 
Vice-President Brown asked for reports from the various 
standing committees and then called on R. T. Miller to introduce 
speaker of the evening. Mr. Miller then turned the meet 
over to Dr. T. C. Poulter, second-in-command of the Byrd 
expedition to the South Pole, and now director of research at 
\rmour Institute. Dr. Poulter, whose subject was The Scien 
Work of the Byrd Expedition, showed in motion pictures 
a complete story of this expedition to Little America from the 
time the party sailed from New York until they bade farewell 
the frozen Antarctic regions rhroughout these very inter 
esting pictures, the speaker enlarged upon and explained the 
scenes as they appeared on the screen. Methods of heating, ver 
tilation and sanitation used by the expedition were of special 
nterest, as were many phases of the wide variety of scientifx 
bservations and experiments that were carried on 
Secy. M. W. Bishop reports that the rapt attention given t 
e speaker through his discourse attested both to the interest 
in the subject and the excellence of his presentation At the 
lose of the talk there were many requests for more details of 
ertain phases of the expedition, all of which were fully answered 
w Dr. Poulter, and it was felt by everyone present that his talk 


id been one of the most interesting and instructive programs 


resented to Illinois Chapter 


I 


rhe meeting adjourned at 10:30 p. m 


Discussion of Controls 
at Atlanta Meeting 


February 9, 1030. Pres. ( I Templin called the Atlanta 
(Chapter meeting to order at the Atlanta Biltmore Hotel at 8:00 
p.m. and roll call revealed that there were 12 members and 
7 visitors present. Minutes of the previous meeting were read 
and approved, 

Reports of officers and committees were called for and Treas 
C. B. Cole outlined to the meeting the cost per member from 
past records, which averaged about $1.20 per year for meeting 
otices plus Tic to 80c per year for incidental expenses such 
is dinners for guest speakers. He made a specific plea that 
e members make arrangements to take care of these expenses 
prompt payment of dues. 
secy. T. T. Tucker opened for discussion the report on th 

\nnual Meeting of the Society at Pittsburgh in January 
ach of the resolutions recommended by the Board of Govern 


s was read and explained and upon motion duly made and 
seconded was adopted. 

rhe guest speaker of Atlanta Chapter was John Haines, who 
the attention of the audience for approximately 114 hours 
a well delivered and demonstrated talk on Controls, with 
particular reference to pneumatic systems. Of particular interest 
members and guests present was the building up of a 
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MEMBERS—HELP WANTED! 


Only 28 men were listed as candidates for membership 
during the month of March and 35 in April. There should 
have been twice as many. Taking into account the los 
ol members by death and by resignation, we will need 
nearly 500 new members this year in order to show any 
net gain for the Society. Since at least three months a 
year are lost from the standpoint of membership work, we 
must have over 50 members a month for the remaining 


nine months to make our quota. 


It is the purpose of the Membership Committee to make 
the Chapters and their Membership Committee represen- 
tatives fully conscious of the work to be done and of how 
worthwhile the effort will be. A survey reveals that som 
Chapters have no Membership Committees, other Chapters 
have only a single man, still others have their committees 
working effectively and welcome the cooperation of the 


national Committee. 


In the interest of promoting and continuing the great 
work that our Society is doing, the Committee hopes that 
all Chapters wil! “get in line” and at least present the 
matter to those men in the respective communities who 
ought to be members of our Society. They need us and 
we need them. 

The Membership Committee will assist in every pos 
sible way. 

kK. K. Campsect, Chairman 
Memepersuie Com™uirrer, ASHVI 








hapter members to M Hain 
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Washington, D. C. Chapter Plans 


for Joint Meeting 


February 8, 103 The fitth regular 1 t 
W ashingtor LD. ¢ Chapter was eld im tl lodeor 
70 members and guests in attendance 

F’. E. Spurney announced a joint meeting with t | 
engmeers to he veld u April, and then called attent 
inspection trip to the Sewerage Disposal Plant 


S. P. Eagleton stated would be well worth whil 

President Eagletor praised the Pittsburgh men 
excellent manner in which they conducted the recent A 
Meeting in Pittsburgh. He reported that he ud urged « 
member of the Council to select Washington for the 194 
Meeting. He stated that Washington, should it be succes 
obtaining the 1941 Meeting, would be most hospitable, a 
make every effort to equal the high standar t t rit 
burgh ( hapter He then extended an invitati t ill el 
non-members present to become members of the Societ P 
dent Eagleton also pointed out that 40 per cent of the 
ceived from the members goes to the Research Fund, which p 
vides for very vital work in progress continuou Ss 
Research Laboratory 

The guest speaker of the evening, F. J. Kurth, New 


cussed the subject of Air Distribution 


J 


1) 


bet 


January 11, 1930. The January meeting of the Was 


C. Chapter at the Dodge Hotel drew a gathering of 20 met 


s and guests arriving in time for dinner with an additi 
10 for the meeting. 
F. Nordine raised the question of a joint meeting wit 
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neers Conditioning 


Annual Meeting for the Chapter representative on the Non 


engineering group in Baltimore. F. A. Leser stated that he had 
discussed this question with several of the Baltimore members 
and their reaction was favorable. Mr. Spurney pointed out that 
the Program Committee was planning to arrange such a meet- 
ing in the Spring in connection with the trip to the Friez plant. 

President Eagleton urged the members to attend the February 
meeting and announced the program. 

After the announcement about the All-Engineers Dinner, L. B. 
Nye, Jr., asked for information concerning the bill for licensing 
engineers. T. H. Urdah! reported that Senator King was in- 
troducing the bill in Congress. 

Dr. Lewis Meriam of the Brookings Institute was introduced 
and presented a very enlightening talk on the work and aims of 
the Institute, which was followed by adjournment. 

December 14, 1938. The attendance at the monthly meeting 
was approximately 35 members and guests, who enjoyed dinner, 
followed by the meeting in the Dodge Hotel. 

The first order of business was the reading of the November 
minutes which were approved as read. The secretary, E. V. Fin- 
eran, reported on the question of changing the meeting date, but 
the decision was to continue meeting on the second Wednesday 
of each month, 

President Eagleton introduced Mr. Thompson of the Turbine 
Engineering Dept., General Electric Co., who gave an interesting 
talk about mercury vapor boilers and turbines. At the conclu- 
sion of Mr. Thompson’s remarks the meeting was brought to a 
close with a rising vote of thanks to the speaker. 


Committee Appointments Announced 
for Pittsburgh Chapter 

lebruary 13, 1039. The regular meeting of Pittsburgh Chap- 
ter was called to order at 7:45 p.m. in the private dining room 
of Stouffer’s Restaurant by Pres. R. A. Miller. An attendance 
of 55 members and guests was recorded. The minutes of the 
January meeting were approved as read by Secy. T. F. Rock- 
well, who also read the financial report of the treasurer. It was 
moved by H. Lee Moore that the treasurer’s report be tabled 
until final settlements had been made in connection with the 
Society’s Annual Meeting. 

Reports were in order and retiring chairman E. C. Smyers 
announced the program for the March meeting. 

J. F. S. Collins, Jr. referred to the many letters of apprecia- 
tion his committee had received from visitors to the Pittsburgh 
meeting. 

Prof. C. M. Humphreys, who represented the Pittsburgh Chap- 
ter at the Chapter Delegates meeting, reported on the matters 
discussed. 

President Miller announced the following appointments to 
standing committees for 1939: 


Program Committee: G. G. Waters, General Chairman; R. B. Stanger, 
Vice-Chairman; F. C. Mcintosh, Leighton Orr, E. T. Selig, Jr., R. W. 


Dickson, Jr 

Sub-Committee on Entertainment: R. B. Stanger, Chairman; J. E. Mc 
Lean, H. E, Park. 

Sub-Committee on Students: C. M. Humphreys, Chairman; F. C. 
Houghten 

Membership Committee: A. F. Nass, Chairman; H. A. Biber, Vice-Chatr 
man; B. D, Landes, C. B. Hathaway. 

*ublicity Committee: J. E. Frazier, Chairman; A. W. Marshall 

National Activities Committee: F. C. Houghten, Chairman 

Who's Who Committee M. L. Carr, Chairman; E. C. Smyers, lice 
C harman, 

Current Events in Research Committee: R. HH, Heilman, Chatrman; ( 
M. Humphreys, G. W. Penney. 

Degree-Day Committee: D. W. Loucks, Chairman; E. S. Scanlon, F 
A, Gunther. 

Attendance Committee: F. B. Mahon, Chairman; C. E. Parks, H. E 
Lore, W. H. Reed, IIT. 

Executive Committee: R. A. Miller, Chatrman; F. C. McIntosh, Vice 
Chairman; T. F. Rockwell, J. F. S. Collins, Jr., M. L. Carr, C. M. 


Humphreys 


President Miller suggested that the Pittsburgh Chapter con- 
sider the possibility of paying the railroad fare to the Semi- 





ing Committee. He further requested that no action be 
on this suggestion until after the 1939 Semi-Annual Meetin 
Secretary Rockwell read a copy of a construction cod 
air ducts as proposed by the National Fire Protection As 
tion and the National Board of Fire Underwriters. 
President Miller appointed the following committee to 
the code and report at a future meeting: T. F. Rockwell, ( 
man; C. M, Humphreys, P. C. Strauch, E. C. Smyers, 
McIntosh, E. H. Riesmeyer, Jr., F. B. Mahon, G. O. Wedd 
G. L. Simpson, Pittsburgh Lectro Dryer Corp., was intro 
by President Miller as the speaker. Mr. Simpson’s subject 
Adsorption Dehumidification in Air Conditioning. His f{ 
paper was brief and dealt chiefly with the quantities of 
vapor and heat involved, the interchange of heat during ad 
tion and the characteristics of solid adsorbers. The paper 


illustrated with slides showing several applications and 
methods by which continuous operation is achieved through 
matic shifting of adsorber beds for reactivation. 

An extended discussion from the floor followed the 
sion of Mr. Simpson’s paper and a small machine was ava 


to demonstrate method of operation. 


G. L. Wiggs and Philip Drinker 
Address Montreal Meetings 


lebruary 20, 1939. Montreal Chapter met at the 44 
an attendance of 53 members and guests. The meeting was « 
to order by Chairman L. H. Laffoley, who extended a wel 


to the guests. Minutes of the previous meeting were rea 


Secy. C. W. Johnson and approved by vote of the meeting 


Mr. Laffoley introduced the speaker of the evening, G 


Wiggs, who discussed the subject of Hot Water Heating 
velopments. A vote of thanks to Mr. Wiggs was extend 
behalf of the Chapter by G. L. Ballantyne. 


Among the guests was W. A. Russell, Waterbury, Com 
member of the Society’s Council and Membership Committ: 


who gave a short talk on The Advantages of Membership i 
ASHVE. 

January 16, 1930. The meeting of Montreal Chapter a 
MAAA was called to order by Pres. F, J. Friedman 
an attendance of 46 members and guests. Minutes of the 
cember meeting were read by Secy. C. W. Johnson and 
proved as read. 

Prof. Philip Drinker, Harvard School of Public Health, 


ton, Mass., was the guest speaker of the evening and was 
troduced by Dr. Pedley of McGill University. The subject 


the illustrated lecture was the Significance and Control ot 


mospheric Impurities. After the lecture an open discussion t 


place. Professor Drinker also gave a short discourse 
development of the iron lung and some of his experiences 
its use. 

A vote of thanks was extended to the speaker on beha 
the Chapter by G. L. Wiggs. 

L. H. Laffoley made an announcement regarding the 


ciety’s Annual Meeting at Pittsburgh before adjournmen! 


10:15 p. m. 


Michigan Chapter Dinner Dance 


February 11, 1930. The Michigan Chapter of the AS! 
held their annual Valentine dinner dance at Dearborn Im 
140 present including members, guests and friends. 

The music was furnished by Dave Diamond and his orcl« 

Secy. G. H. Tuttle reports that the party ended at 12:30 
after everybody had enjoyed a very delightful evening 
Feely and G. D. Winans were co-chairmen of the com 
in charge of arrangements for this pleasant social event. 
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Bee CANDIDATES FOR MEMBERSHIP 








The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for men 
be ship in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refe 
es shall be printed in the next issue of the JourNaL of the Society or sent to the members in other approved manner as order 
by the Council. When replies are received from references, the Candidate's application shall be submitted to and acted upon | 
the Committee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acied favorably upon a Candidate’s application and assigned 
rade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past mont 
applications for membership have been received and the names of these men and their sponsors are published in the following list 

Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and 
Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising t 
Secretary promptly of any whose eligibility for membership is in any way questioned 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is t 
duty of every member to promote. 

Unless objection is made by some member by April 15, 1939, these candidates will be balloted upor the | 


elected to membership will be notified by the Secretary immediately after election 


CANDIDATES REFERENCES 
Parnes. R. W., Hte.. Vte. and Air Cond. Contractor, San Ar \. |. Rummel F. E. Giesecke 
tonto, Texas \\ H Badgett \\ \. Ebert 
BECKER, (4 S.. Br. Mer., American Blower ( orp., Milwaukee M. W. Bishop H. W. Schre 
Wis | | Tobin | B. Kart 
Casset,. G. E. R., Maintenance Mech., Chadoz Realty Ci New G. A. Belsky Tr, W. Kan 
York, N. ¥ kk. R. Snavely Bb. A. Jae 
Danie., W. E., Jr., Partner, Messrs. E. Ashby & Co., Londor Thomas McDonak \. B. Newt 
England lL. B. Milles M. P. Fedders 
Davies, R. H., Mer., Airco Htg. & Cond. Pty., Ltd., Melbourne l. W. Picot Frederick Ma 
\ustralia 1, A. Robinsor \ RL B 
DeBerarp, P. E., Pres., Conditioned Air Systems, Inc., Chicago, \. O. May I. F. Hale 
Ll. Kk. M. Mittendorff FF. I. Raymond 
De Roo, W. C., Design Ener., Hart & Cooley Mfg. Co., Hol C. R. MeConner S.H.D 
land, Mich W. G. Schlichting RWW 
Dust, R. S.. Assoc. Mech. Engr., National Bureau of Standards lr. H. Urdahl FE. Sy 
Washington, D. C S. P. Eagletor G. D. Fife 
MANUELS, MASON, Sales Ener . Pacific Screntit« { al N. i Peterso (; M Si 
Francisco, Calif, W. W. Cockins ames Gayner 
Gannon, R. R., Sales Ener., Russell R. Gannon Co., Cincinnati, I. B. Helburt C. FE. Hust 
Ohio G. B. Houlistor H. A. Piller 
Goopram, W. E., Partner, Goodram Bros., Freeman, Ont., Cat H. S. Moore Thomas McD 
( Advancement ) W. ( Kelly D. I. Paul 
Green, S. H., Design [ner., Dallas Air Cond. Co., Inc., Dallas L. S. Gilbert | \. Rodge 
lex R. B. Taylor ( lL. K 
Haut, R. A., Enegr., Illinois Engrg. Co., Chicago, Ill W. T. Walters R. L. Git 
1 C. Matchett 1 C. He 
lorcu, G. E., Mech. Ener., Wm. B. Ittner, Inc., St. Louis, M: E. Ek. Carlson Paul Sodema 
‘y \W | M vers ly B ix det 
Hurcuison, J. E., Partner, Moody & Hutchison, Cons. Engrs L.. Ek. Moody S. E. Plewes 
Philadelphia, Pa. (Ketmstatement) F. D. Mensing Benjamin dan 
Keira, W. B., Mer. Air Cond. Dept., Fairbanks, Morse & Ck J. E. Miller G. W. F. Myer 
St. Louis, Mo. kk. Ek. Carlson |. W. Cooper 
MacLean, H. A., Prop. & Mer., The MacLean Plbg. Service, kK. H. Gurney H. S. Moore 
Noranda, Que., Can D. I. Paul G. T. Wils 
Mursinna, G. P., Htg. & Air Cond. Contractor, Cincinnati, G. B. Houliston W. C. Greet 
Ohio. H. FE. Sproull G. V. Sutfis 
Parker, D. F., Sales Engr., Nash Engrg. Co., New York, N. \ R. H. Carpenter \. L. Baun 
(Reinstatement and Advancement ) W. E. Heibel Oscar Vogelb 
Parron, R. L., Owner, Roy L. Patton Co., Htg. & Vtg. Cor S. L. Rolland ik. W. Gra 
tractor, Oklahoma City, Okla. (Keimstatement) \. A. Hoppe Louin Tiller 
Pus, J. J., Sales Engr., Johnson Service Co., Chicago, III O. G. Ward O. W. Armspa 
| P Heckel P | Mars il 
Piarnitza, Joun, Jr., Student, Refrigeration & Air Cond. Inst., IF. L. Howard W. D. Flea 
Chicago, Il. S. S. Sommertield F. O. lordar ISK] 
Price, E. H., Mech. Engr., Northwood & Chivers, Archts., Win Wilham Worton D. FF. Micl : 
nipeg, Man., Can. (Advancement) Paul Charles | B. Steel : 
KANZINGER, Gustav, Student, New York Tech. Inst., New York EK. R. Snavely G. E. Cass } 
N y. B. A. lacobi 1. } ieskell ' 
Rutey, W. H., Mer. Dryer Div., Riggs & Lombard, Inc., Lowell, G. P. Dickson H. R. Sewel j f 
Mass. \. C. Bartlett Fr. B. Morri , 
Rosenperc, Irwin, Student, Carnegie Inst. of Tech., Pittsburgh, C. M. Humphreys P. A. Edware 
Pa. r. F. Rockwell | ( MclInto 
RosenBerG, P. C., Engr., Illinois Engrg. Co., Chicago, III W. T. Walters R. L. Giffors 
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CANDIDATES 


Sasie, E. J., Treas., The T. O. Murphy Co., Oberlin, Ohio. 


Stewart, J. N., Smoke Inspector, Div. of Smoke Regulation, 
Washington, D. C. 

Taury, M. Ext, Engr. in Charge Design, Carrier Egypt, S.A.E., 
Cairo, Egypt. 

VecLtery, ALEXANDER, Engr., Socony-Vacuum Oil Co., Inc., Istan- 
bul, Turkey. 

Watz, C. D., Assoc. Mech. Engr., 11th Naval Dist., San Diego, 
Calif, 

WERKER, Herwart, Engr., American Radiator Co., Yonkers, 


Witpman, E. L., Design Engr., Stewart A. Jellett Co., Phila- 
delphia, Pa. 
Wirtic, F. E., Jowein, Inc., Contractor, Jamaica, L. L., N. Y. 


Section 


REFERENCES 


Proposers Seconders 
L. S. Ries 


D. L. Taze 
H. K. Kugel 


J. H. Ferguson 
E. W. Gray 
W. H. Littleford 


D. B. Tuxhorn H. B. Meller (JMME) 
W. P. Henszey W. R. Knudsen 

J. F. Des Reis R. V. Dunne 

T. Karakash B. A. Tubini (Non-Mem! 
L. A. Scipio (ASME) A. Mika (Non-Member) 
C. B. Sadler R. A. De Line (ASCE) 
O. G. Bowen (ASCE) R. V. Labarre (ASCE) 
Bernhard Goerg L. N. Hunter 

A. J. Offner C. W. Brabbée 

W. F. Smith H. H. Erickson 

H. H. Mather M. F. Blankin 

C. S. Pabst Gustav Wittig (4/EE) 
W. T. Wrightson F. R. Innes (AJEE) 








CANDIDATES ELECTED 








In the past issues of the JouRNAL of the Society the names of the following men were listed as Candidates for Membership. The 


membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon 


the Council. 
lowing list of candidates elected: 


MEMBERS 


lsuzzarp, F. H., Asst. to C. S. Leopold, Cons. Engr., Philadel 
phia, Pa. 

lLoreru, J. J., Mgr. Air Cond, Div., Westerlin & Campbell Co., 
Chicago, III. 

Geicer, R. L., Engr. & Draftsman, J]. P. Jones, Cary & Millar, 
Cleveland, Ohio. 

L1OFFMAN, Harry, Br. Mer., Johnson Service Lo., Greensboro, 
x 

Jouns, C. F., Chief Engr., The Enterprise Fdry. Co., Ltd., 
Sackville, N. B., Can. (Reinstatement) 

Jounston, M. T., Mech. Engr., Walgreen Co., Chicago, III. 

Livermore, J. N., Engr., Detroit Edison Co., Detroit, Mich. 

MACHEREL, FERDINAND, Consulting Enegr., Algiers, French North 
Africa. 

Peacock, G. S., Htg. Engr., Univ. of Pittsburgh, Pittsburgh, Pa. 

Reep, F. J., Asst. Prof. Mech. Engrg., Duke Univ., Durham, 
a: & 

Rosesy, T. A., Chief Design Engr., Carrier Australia, Ltd., Syd- 
ney, N. S. W., Australia. 

Scuusert, A. G., Asst. Prof. Mech. Engrg., Rensselaer, Poly 
technic Inst., Troy, N. Y. 

SmiruH, W. H., Asst. Supt. Construction, The T. Eaton Co., 
Ltd., Toronto, Ont., Can. 

THEORELL, A. T., Consulting Engr., Theorells Ingeniorsbyra, 
Stockholm, Sweden. 

Wetts, W. T., Asst. Prof. Sanitary Engrg., University of Penn- 
sylvania, Philadelphia, Pa. 


ASSOCIATES 


\RCHAMBAULT, J. A., Htg. Sales Office Mer., C. A. Dunham Co., 
Ltd., Toronto, Ont., Can. 

\ronson, H. Hs Sales Engr., Premier Furnace Co., Chicago, 
Ill. (Reinstatement and Advancement ) 

Baiwtey, F. A., Jr., Owner, Bailey’s Refrg. Sales & Service, 
Charleston, S. C. 

BertTRAND, G. F., Mgr., Universal Air Cond. Corp., Upper Darby, 
Pa. 

Biccers, R. H., Mfrs. Agent, Detroit, Mich. 

BLAYNEY, W. R., Secy.-Treas. & Partner, W. B. Graves Htg. Co., 
Chicago, Ill. 

Biizzarp, B. C., Fuel Oil & Burner Dept., Imperial Oil, Ltd., 
Toronto, Ont., Can. 

Carney, E. J., Htg. Contractor, John C. Kohler Co., Philadel 
phia, Pa. 

CLarK, A. N., Engr., Good Housekeeping Inst., New York, N. Y. 

Koucer, J. C., Partner, John C. Kohler Co., Philadelphia, Pa. 

Kuctnsk!, W. V., Theory Instructor, Atlantic Utilities, Inc., 
Kearny, N. J 


MANK, MERRILL, Pibg. 


We are now instructed by the Council to post herewith, as required by Art. B-III, Sec 


8, of the By-Laws, the 


& Htg. Contractor, Merrill Mank ( 


New Rochelle, N. 
Reisperc, L. K., Vice-Pres., Goodin Co., Minneapolis, Mim 
Spat, E. G., Sales Engr., Penn. Electric Switch Div., Tor 
Ont., Can. 
Stark, C. E., Vice-Pres., Montclair Plbg. Supply Co., Monte! 
N. J. 
Strreater, FE. C., Mer., L. E. Streater Lumber Co., Spring Park 
Minn. 
JUNIORS 
Cio, H. E., Sales Engr., Air Filter & Equip. Corp., Chicago 


l 


IverstroM, Cari, Htg. & Vtg. Engr.. WPA, New York, N 
Jacost, B. A., Mgr. Fan & Blower Div., Air Cond. Utilities 
York, N. Y. (Retmstatement and Advancement) 
Linskig, G. A., Engr., Joe Hoppe, Inc., Dallas, Tex. 
MARSHALL, James, Engr., Bahnson Co., Winston-Salem, N 
Scotr, W. P., Jr, Megr., Htg. Dept., Scott Co., San Fra 


Calif. 
TuHom, A. 


Armour, E. G., 


{ 


( 


Nev 


J., Sales Engr., Johnson Service Co., Milwaukee, Wis 
Werner, P. H., Br. Sales Mgr., Barber-Colman Co., Milwau 
kee, Wis. 


STUDENTS 


Student, Carnegie Inst. of Tech., Pittsburgh, Pa 


Brack, J. M., Student, Case School of Applied Science, C! 
land, Ohio. 


Goon, C. 
GranaM, J. B., Student, Carnegie Inst. of Tech., Pittsburgh, Pa 


S., Student, Carnegie Inst. of Tech., Pittsburgh, 


I 


’ 
i 


LIEBERMAN, M. S., Student, Carnegie Inst. of Tech., Pittsburg 


» 


Pa. 


OstpauL, H. E., Research Asst., University of Minnesota, Mu 
neapolis, Minn. 


Ruppert, C. F., Student, Purdue University, West Latay 


+t; 


Pitts 


Ind. 

ScamsatTi, A, P., Student, Carnegie Inst. of Tech., Pittsburg! 
Pa. 

Suarer, W. P., Jr., Student, Carnegie Inst. of Tech., Pitts! 
Pa. 

SuHearer, W. A., Jr., Student, Carnegie Inst. of Tech., 


burgh, Pa. 
Siutsky, D. J., Student, Carnegie Inst. of Tech., Pittsburgh 


SmiruH, R. L., Student, Carnegie Inst. of Tech., Pittsburgh, 


Tumpane, J. P., Jr., Student, Carnegie Inst. of Tech., ! 
burgh, Pa. 
Wirson, A. M., Student, Carnegie Inst. of Tech., Pittsburgh 


ZEMELMAN, I. 


) 


Pa, 
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M., Student, Carnegie Inst. of Tech., Pittsh 
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